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BODY-PLAN.  385 

The  choice  of  a  deck-line  has  everything  to  do  with  the  usefulness  of  a  ship  for  its  purpose, 
more  even  than  her  behaviour  at  sea.  This  main  or  construction  deck  is,  in  small  vessels,  the 
uppermost  deck,  but  in  larger  vessels- there  is  a  spar-deck  above  it  ;  in  a  three-decker  there  are 
three  decks  above  it,  and  in  the  GEEAT  EASTEEN  there  are  four  decks  above  it  and  four 
below.  As  a  general  rule  also,  when  a  vessel  is  deeply  laden,  this  deck  is  an  eighth  or  a  tenth  of 
the  beam  of  the  ship  above  the  water. 

A  little  consideration  of  the  purposes  a  main-deck  has  to  serve  will  help  to  indicate  how 
various  its  shape  should  be.  In  a  vessel  meaut  to  be  fast,  one  would  wish  its  point  to  be  like 
the  rest  of  the  bow  of  the  ship,  fine  and  sharp,  because,  if  we  put  a  full  and  bluff  deck  on  the  top 
of  a  fine  fast  bow,  we  not  only  give  the  vessel  many  bad  qualities  in  pitching  in  a  sea,  but  the 
fulness  of  the  deck-line  will  be  continually  taking  speed  from  the  ship  whenever  the  sea  meets  it, 
and  so  counteracting  the  very  quality  we  meant  to  gain  by  giving  a  sharp  bow  under  water.  This 
argument  in  favour  of  sharpness  appears  at  first  sight  inconsistent  with  the  quality  of  a  roomy 
fore-deck,  which  is  to  be  obtained  by  a  great,  broad,  bell-mouthed  bow,  flaring  out  wide  over  the 
surface  of  the  water.  Such  a  bow  the  old  school  and  our  Dutch  neighbours  dearly  love  and  still 
believe  in  ;  and  we  should  never  have  succeeded  in  introducing  the  fine  sharp  deck  aloft,  in  opposi- 
tion to  the  traditional  prejudices  and  professional  proverbs,  in  which  the  wisdom  of  seamen  has 
come  down  to  us,  but  for  the  fact,  that  the  full  projecting  deck-line  aloft  has  been  found  fatal  to 
speed,  and  especially  to  speed  in  bad  weather.  There  can  be  no  doubt  that  in  fine  weather  a 
large  roomy  bow  on  deck  is  a  handsome  and  agreeable  thing  ;  all  the  work  of  the  ship  can  be  done 
in  it  comfortably  and  handily.  There  is  room  for  everything,  and  to  spare  ;  nothing  is  huddled 
up,  and  you  can  get  freely  about  everything  :  all  this  can  be  said  with  great  plausibility  and  some 
truth,  and  it  is  still  more  applicable  to  a  ship  of  war  than  to  a  merchantman,  because,  in  chasing, 
it  is  desirable  to  lay  two  long  guns  parallel  to  each  other  in  the  line  of  the  keel,  and  to  be  able 
to  run  them  out  through  two  bow  ports,  clear  of  everything,  and  to  work  them  comfortably  in  that 
position.  It  was  long  pretended  that  it  was  impossible  to  do  this  on  a  sharp,  fine  deck-line,  and 
for  many  years  did  Admiral  Berkeley  delay  the  improvement  and  stop  the  speed  of  our  finest 
ships,  for  this  crotchet,  which  in  the  end  turned  out  to  be  a  crotchet,  and  nothing  more. 

The  simple  fact  is,  that  the  roominess,  dryness,  and  comfort  of  a  full  deck-line,  instead  of  a 
fine  one,  is,  impression  or  belief,  and  nothing  more.  If  you  imagine  that  a  fine  bow  is  got  by 
cutting  so  much  room  off  a  full  bow,  and  so  diminishing  the  extent  of  available  deck-room  for 
working  the  ship,  you  may  consider  the  fine  bow  as  narrow,  confined,  and  inconvenient  ;  but  the 
practical  fact  is  the  contrary  to  all  this.  The  fine  deck-line  of  a  modern  fast  ship  is  not  got  by 
cutting  anything  off  the  length,  or  off  the  width,  or  off  the  roominess  of  a  deck  ;  the  sharp  bow  is 
got  by  adding  on  a  fine  entrance  to  a  bluff  one,  and  by  lengthening  the  deck  :  the  full  parts  of 
the  ship  and  of  the  deek  remain  where  they  were.  All  that  is  necessary,  therefore,  is  to  take 
care  that  the  work  an  d  working  parts  of  the  ship  shall,  in  the  fine  bow,  be  kept  well  back  in  the 
broad  open  space  of  the  deck,  and  not  crammed  forward  into  the  narrow  space,  which  has  been 
superadded,  and  which  should  be  kept  perfectly  clear  and  unhampered.  It  is  also  a  further 
peculiarity  of  the  fine  bow  and  fine  deck-line,  that  the  foremast  stands  much  farther  aft  than  in 
the  old  full  bow,  and  that  there  is,  therefore,  more  room  before  the  mast  :  care  must,  therefore,  be 
taken  to  keep  windlass,  capstan,  catheads,  anchors,  and  all  the  working  parts  in  the  bow,  well 
aft, — not  to  give  room  merely,  but  also  to  keep  heavy  weight,  as  it  always  ought  to  be  kept,  out 
of  the  extreme  bow  of  the  ship. 

There  is  another  way  of  looking  at  this  matter.  I  am  very  fond,  says  Eussell,  of  covering  in  the 
whole  of  the  fine  part  of  a  deck  forward  with  a  light  forecastle  bulkheaded  off,  especially  in  iron 
ships.  It  is  a  great  convenience,  and  forms  capital  quarters  for  the  crew  :  it  keeps  the  head  light 
and  dry;  and  immediately  abaft  the  forecastle  a  broad,  roomy  deck  is  still  to  be  found.  But  there  is 
another  way  of  giving  a  roomy  deck,  that  is,  a  wide  one,  on  a  sharp-bowed  vessel.  I  have  done  it  in 
vessels  of  war  with  perfect  success,  so  as  to  make  an  extremely  fine  bow.  carry  two  long  8-in.  guns 
parallel  to  the  keel,  through  two  comfortable  ports,  with  ample  room  all  round  to  work  and  train 
them  freely.  This  I  did  by  shortening  the  deck,  or  stopping  it  very  much  short  of  the  bow, 
carrying  the  bulwark  round  the  bow  considerably  behind  the  stem  ;  the  real  deck  beyond  the 
bulwark  forming  part  of  the  head,  which,  instead  of  being  grated  and  overhanging  the  sea,  had  a 
solid  oak  deck  over  the  greater  part  of  it,  leaving  the  head  as  convenient  as  before  for  all  practical 
uses.  In  this  way  the  bulwark  of  the  deck  left  the  real  line  of  the  ship  30  ft.  short  of  the  stem,  with 
a  fine,  round,  roomy  deck  to  delight  the  heart  of  a  commander  of  the  old  school,  by  giving  him  all 
he  wanted  on  the  inside,  without  impairing  the  form,  which  the  sea  demanded,  on  the  outside. 

There  is  yet  another  way  of  planting  a  full,  round,  capacious  deck-line  on  a  fine,  hollow,  fast 
water-line,  and  yet  perfectly  reconciling  them  to  one  another,  so  as  to  form  a  handsome,  sym- 
metrical, sea-going  ship.  This  is  to  carry  out  the  tumble-home  bow.  Of  this  system  I  am  a  warm 
advocate  :  it  makes  a  vessel  dry,  easy,  and  safe.  For  a  long  time  there  has  been  much  prejudice 
against  it.  The  rising  generation  will  probably  adopt  it  largely  ;  for  the  length  and  size  of 
vessels  will  increase  rapidly,  and  render  it  unnecessary  to  seek  room  by  means  of  an  exaggerated 
bow-line  over  a  fine  water-line.  To  carry  out  properly  this  system  of  tumble-home  bow,  it  is  only 
necessary  to  take  a  tolerably  full,  easy  deck-line,  composed  of  two  circular  or  two  parabolic  arcs, 
laying  them  over  the  water-line,  and  so  far  behind  it,  as  to  be  easily  reconciled  with  it,  by  means 
of  the  cycloidal  buttock-line  ;  a  process  which  will  be  guided,  in  a  great  measure,  by  the  point  at 
which  the  cycloidal  buttock-line,  already  drawn,  meets  the  level  of  the  deck. 

In  the  stern,  there  is  even  greater  scope  for  management  and  fitting  for  use.  I  believe  in  large, 
capacious,  roomy  sterns.  I  think  room  can  be  got  there  with  less  cost  and  sacrifice  than  in  any 
other  part  of  the  vessel  ;  and  hence  the  sterns  of  my  ships  have  been  called,  by  those  who  delight 
in  small,  narrow  sterns,  "  Scott-Eussell's  ugly  sterns."  A  small,  handsome,  light,  little  stern,  may 
be  eyesweet  and  pretty,  but,  to  my  mind,  it  is  a  costly  whim.  I  scarcely  know  any  good  quality  of 
a  ship  which  is  not  improved,  or  any  economy  which  is  not  enhanced,  by  a  large,  roomy  stern  and 
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deck -line.  In  a  merchantman  it  gives  large 
passenger  cabins,  airy  as  well  as  roomy,  and  in 
that  part  of  a  ship  which  pays  the  owner  best. 
In  a  ship  of  war  it  gives  a  magnificent  roomy 
poop,  and  plenty  of  space  for  working  the  stern 
guns  ;  which  however  are,  perhaps,  seldom  wanted 
in  a  British  ship  of  war.  There  is  yet  this  further 
recommendation  beyond  all, — that  the  roominess 
and  fulness  of  the  stern  in  the  neighbourhood  of 
the  deck-line  is  the  greatest  element  of  safety 
in  the  ship's  most  perilous  position,  of  running 
before  a  heavy  wind  in  a  storm,  and  in  most 
!  j  circumstances  it  may  be  used  with  advantage  to 

enhance  the  stability  and  sea-going  qualities  of 
the  ship. 

The  best  way  to  turn  the  stern  to  advantage, 
for  room  and  wholesomeness,  is  to  carry  the 
breadth  on  deck  well  aft,  to  taper  the  ship  in 
towards  the  stem  but  little,  and  even,  if  neces- 
sary, to  carry  the  projection  of  the  stern  a  good 
way  abaft  and  beyond  the  perpendicular,  follow- 
ing, however,  and  not  extending  beyond,  the 
vertical  buttock-line  already  given.  Here  we 
may  steal  a  great  deal  of  room  from  the  sea. 
An  early  question  arises  :  Shall  we  make  the 
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stern  round  or  square?  I  answer, — Its  bulk  is 
the  main  point  :  its  shape  is  of  less  consequence. 
If  you  like,  as  a  matter  of  taste,  to  cut  the 
corners  off,  it  becomes  a  round  stern  ;  and  nothing 
is  more  common  than  to  see  people  cut  off  the 
stern  inside,  and  then  stick  something  on  the 
outside,  to  make  up  in  appearance  for  the  corners 
cut  off.  When  very  little  is  cut  off  the  corners, 
it  has  been  common  to  call  it  an  elliptical  stern, 
although  it  never  is  an  ellipse  ;  and  when  much 
is  cut  off,  the  stern  is  called  round,  although  it 
never  is  circular.  My  own  opinion  about  the 
precise  outline  of  the  deck  astern  is,  that,  so  far 
as  the  qualities  of  the  ship  out  of  water  are  con- 
cerned, it  is  of  little  importance. 

The  constructor  is  now  prepared  to  adopt  a 
definite  form  for  his  deck-line,  which  is  plainly 
a  compound  affair  of  policy,  diplomacy,  and  taste«. 
For  a  trial  line  I  should  use,  forward,  two  arcs  of 
a  circle,  intersecting  at  the  bow,  and  having  their 
centres  on  a  line  drawn  athwartships,  half-way 
between  the  perpendiculars  ;  thence  I  should 
incline  by  two  parabolic  arcs,  gradually  narrowing 
to  the  breadth  of  the  intended  stern;  and,  for 
that  breadth,  I  should  adopt,  at  the  point  where 
it  passes  the  perpendicular,  some  specific  propor- 
tion—6,  7,  or  8  tenths— of  the  midship  breadth  ; 
finishing  with  whatever  straight  line  or  curve 
may  have  been  determined  on,  as  regards  room 
at  the  stern.      Indeed,  in  a  vessel  of  no  great 
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length,  and  without  much  overhanging  counter,  I 
cannot  see  any  harm  likely  to  arise  from  carrying 
the  full  breadth  of  the  deck  amidships  right  aft 
to  the  stern,  with  merely  sufficient  curvature  to 
give  an  agreeable  line.  - 

The  completion  of  the  design  now  requires  us 
to  reconcile  these  four  ruling  lines  of  the  ship 
with  one  another.  In  this  operation,  what  the 
constructor  must  keep  mainly  in  view,  is  to  ex- 
tend, as  far  as  possible,  through  all  the  remaining 
lines  of  the  ship,  the  good  qualities  which  have 
been  established  in  the  ruling  lines. 

To  Construct  the  remaining  Water-lines. — It  is 
most  desirable  that  the  water-lines  of  the  entrance 
should  be  as  exactly  as  possible  of  the  same 
form,  on  reduced  breadth,  as  the  main  water-line. 
There  will  be  some  difficulty  in  doing  this,  espe- 
cially near  the  keel  ;  and  the  tendency  of  these 
lines  will  be  to  elongate  themselves  forward. 
This  is  to  be  avoided. 

The  remaining  water-lines  of  the  after-body 
are  to  be  constructed  on  nearly  an  opposite  prin- 
ciple. They  are  to  deviate  rapidly  from  the  chief 
water-line  of  the  after-body  already  drawn  ;  and 
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this  they  will  do  naturally,  because  the  main 
buttock-line,  which  rules  the  after-body,  compels 
the  water -line3  to  increase  rapidly  in  fineness,  as 
they  go  down  in  the  water,  and  to  extend  rapidly 
in  fulness,  as  they  rise  to  the  surface;  thus 
giving  what  I  believe  to  be  the  best  kind  of  stern, 
namely,  very  fine  below  and  very  full  above.  In 
this  respect  it  is  a  contrast  to  the  bow,  which  is 
kept  as  full  as  may  be,  consistently  with  the  chief 
water-line,  all  the  way  down. 

It  is  desirable  to  have  at  least  three  complete 
water-lines,  in  order  to  form  a  first  approximation 
to  the  complete  calculation  of  the  ship. 

On  the  Completion  of  the  Vertical  Cross-sections, 
or  Body-plan.  —  The  cross-sections  are  all  to  be 
regarded  as  midship  sections  modified,  but  each 
of  them  giving,  to  the  part  of  the  ship  where 
it  lies,  qualities  which  either  enhance  the  good 
qualities  of  the  midship  section,  or  impair  them. 
A  vessel,  with  a  fine,  powerful  midship  section, 
may  easily  be  impaired  by  feeble  ends,  and  a 
weak  midship  section  may  be  reinforced  by  good 
cross-sections,  especially  in  the  after-body.  What 
the  designer  has  to  bear  in  mind,  then,  is  to  study 
how  far  he  can  enhance,  support,  and  carry  out 
the  qualities  of  the  main  midship  section  in  the 
rest  of  the  body.  In  this  attempt  he  will  be 
materially  aided  by  the  choice  which  he  makes 
of  that  cross-section  which  passes  through  the 
after-perpendicular.  To  this  frame,  being  abso- 
lutely out  of  the  water,  he  is  free  to  give  any 
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shape  he  pleases  ;  and  having  fixed  this,  he  will 
find  that,  with  the  main  buttock-line,  it  rules  the 
entire  form  of  the  after-body,  and  also  controls 
materially  the  surface  water-line  of  the  stern.  It 
is  this  stern  cross-section  which  I  am  in  the  habit 
of  making  very  full,  in  order  to  turn  the  after- 
body to  the  best  possible  account.  Great  caution, 
however,  has  to  be  observed,  not  to  make  this 
fulness  abrupt  ;  otherwise,  when  rising  and  falling 
in  the  sea,  the  counter  will  be  apt  to  strike  the 
water  with  violence. 

The  circumstance,  that  this  portion  of  the 
vessel  remains  so  entirely  subject  to  the  free  will 
of  the  designer,  makes  it,  for  the  inexperienced, 
the  most  difficult  part  to  decide  and  determine; 
and  a  greater  variety  of  forms  will  be  found  about 
the  region  of  the  stern  above  the  water,  than  in 
any  other  part  of  a  ship.  The  learner  will,  there- 
fore, naturally  be  disposed  to  take  this  from  the 
best  examples  he  can  find,  and  for  which  I  refer 
him  to  the  best  vessels  engraved  in  my  work. 

The  vertical  sections  of  the  after-body,  fol- 
lowed out  in  the  manner  I  have  indicated,  will 
be  found,  as  they  approach  the  stern,  to  have 
become  very  fine  below  and  very  full  above  ;  and 
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so  they  ought  to  be:  but  in  the  bow  there  will 
generally  be  found  a  similar  tendency  of  the  lines 
to  become  extremely  fine  below,  and  to  grow  full 
above, — and  there  it  is  necessary  to  counteract 
this  tendency,  instead  of  encouraging  it,  as  abaft. 
The  bow  cross-sections  must,  therefore,  be  made 
to  maintain  their  full  breadth  well  down  towards 
the  keel  ;  and  care  must  also  be  taken  that  they 
do  not  spread  out  rapidly  at  the  surface  of  the 
water,  and  above  it.  The  reason  why  the  fulness 
should  be  preserved  below  is,  that  the  business 
of  the  fine  part  of  the  bow,  or  cutwater,  is  to 
displace  or  remove  the  water  out  of  the  way  of 
that  part  of  the  ship  which  is  to  follow  ;  and  if 
the  bow  part  be  cut  away  too  fine,  this  work  will 
not  be  done,  and  the  part  behind  will  still  have 
the  work  of  displacement,  witli  a  bluffer  entrance, 
and  a  shorter  time  to  do  it  in, — which  is  the 
same  as  to  say,  that  it  would  then  require  unne- 
cessary force,  by  causing  unnecessary  resistance. 
The  main  water-line  having,  therefore,  already 
rendered  the  bow  sufficiently  fine  for  the  service 
of  dividing  the  water,  care  must  be  taken  not  to 
carry  this  fineness  further  than  necessary,  or  than 
it  is  carried  in  the  chief  water-line. 

Moreover,  much  care  will  be  needed  to  prevent 
the  cross-sections  of  the  bow  from  flaring  out  very 
much,  to  meet  the  line  of  the  upper  deck.  To 
avoid  this,  we  have  recommended  that  line  to  be 
kept  fine,  and  to  be  thrown  as  far  backwards  from 


BOILEK. 


389 


P,  crown  sheet; 
flues; 


wagon-top  ;    I,  steam-pipe  ;    J,  steam-dome  ; 


833. 


the  fore-perpendicular  as  conveniently  practicable.  Moreover,  the  cycloidal  buttock-line,  properly 
used,  will  help  to  throw  the  deck  back,  and  to  prevent  it  from  spreading  over  the  fine  bow  : 
nevertheless,  it  will  always  be  a  matter  of  great  difficulty  to  reconcile  the  wave  water-line,  the 
full  deck,  and  the  cycloidal  buttock-line  ;  but  when  it  is  well  done,  it  makes  the  most  beautiful, 
as  well  as  the  best,  of  all  sea-bows.  For  fresh-water  bows  it  does  not  matter  how  much  the  deck 
flares  out,  or  how  much  it  overhangs  the  water  :  it  is  in  the  sea  that  the  true  skill  of  the  accom- 
plished naval  architect  is  to  be  developed.  It  is  not  the  best  voyage  in  fine  weather,  but  the  best 
behaviour  in  bad  weather,  which  gives  reputation  to  the  truly  seaworthy  ship. 

BOILER.     Fe.,  Chaudière  a  vapeur  ;  Ger.,  Dampf Vessel  ;  Ital.,  Caldaia;  Span.,  Caldera. 

A  boiler  is  a  strong  metallic  vessel,  usually  of  wrought-iron  plates  riveted  together,  in  which 
steam  is  generated  for  driving  engines,  or  other  purposes. 

Fig.  833  is  a  section  of  a  locomotive  boiler  ;  A,  fire-box  ;  B,  combustion-chamber  ;   D,  grate  ; 
C,  ash-pan;    K,  water-legs;    P,  crown  sheet;    H, 
G,    gusset;     F,  barrel;    E, 
N,  breeches-pipe;    M,  smoke-box; 
L,  saddle;  O,  blast-pipe;   R,  dry- 
pipe. 

A  steam  boiler  generally  consists 
of  a  fire-box,  where  the  combustion 
of  fuel  occurs,  and  flues,  through 
which  the  products  of  combustion 
pass  into  the  chimney.  These  parts 
are  made  of  thin  metal,  and  sur- 
rounded by  water,  which,  together 
with  the  steam  room,  is  contained 
in  an  outer  shell.  The  principal 
varieties  of  boilers  are, — the  cylinder 
boiler,  which  consists  of  a  single  iron 
shell  ;  the  return-flue  and  the  drop- 
flue  boilers,  called  flue  boilers,  which 
are  single  shells  containing  a  small 
number  of  large  flues,  through  which  the  heat  either  passes  from  the  fire  or  returns  to  the  chimney, 
and  sometimes  containing  a  fire-box  enclosed  by  water;  the  multiflue  or  locomotive  boiler,  which 
consists  of  an  enclosed  fire-box  and  a  large  number  of  small  flues  leading  to  the  chimney  ;  and  the 
water-tube  boiler,  which  consists  of  an  enclosed  fire-box  and  a  fire-chamber  filled  with  small  tubes, 
through  which  the  water  circulates.  Tubular  boilerì  a  multiflue  or  multitubular  boiler,  in  dis- 
tinction from  a  boiler  with  large  flues. 

Copper,  when  the  temperature  of  the  steam  does  not  exceed  200°  Fahr.,  is  the  best  material  for 
boiler  construction,  its  power  of  conducting  heat  being  nearly  double  that  of  iron  ;  a  copper  boiler 
of  only  one-half  the  superficial  contents  of  an  iron  one  will  generate  a  similar  quantity  of  steam. 
The  power  of  copper  in  conducting  heat  is  about  898  ■  2,  and  that  of  iron  374  ■  3.  Iron  possesses  the 

greatest  cohesive  strength,  yet  manufacturers  __<r^^~_        834 

generally  construct  their  copper  boilers  of 
thinner  metal  on  account  of  the  greater  uni- 
formity in  the  substance  of  copper  plates  as 
well  as  for  the  sake  of  economy,  copper  being 
five  times  the  cost  of  iron  ;  but  an  old  worn- 
out  boiler  is  worth  three-fourths  its  original 
value,  whereas  the  value  of  an  old  iron  one  is 
comparatively  trifling  when  the  cost  of  removal 
is  deducted.  Copper  has  also  been  proved  to 
be  the  safest  :  when  a  copper  boiler  bursts  or 
explodes  it  is  merely  rent  open,  but  an  iron 
boiler  is  generally  blown  to  pieces. 

Fig.  834,  which  is  a  longitudinal  section  of 
a  marine  tubular  boiler,  shows  the  general 
arrangement  of  parts  in  a  marine  boiler.  A  is 
the  ash-pit  ;  C  dead-plate  ;  E  E  the  grate  ; 
F  F  the  uptake  ;  G  G  the  tubes  and  tube- 
plates  ;  H  the  back  uptake,  flame-chamber,  or 
rising  flue  ;  I  the  chimney  ;  O  the  bridge  ;  and 
P  P  stay-rods. 

The  boiler  shown  in  Figs.  835,  836,  837, 
is  according  to  an  arrangement  invented  by 
David  Thomson,  and  successfully  introduced 
by  Richard  Moreland  and  Sons,  London. 

Fig.  835  represents  a  longitudinal  section, 
and  Fig.  836  a  front  elevation  and  cross-section 
of  a  Thomson  boiler,  8  ft.  long  and  5  ft.  6  in.. 

diameter,  having  the  same  amount  of  heating-surface  as  an  ordinary  Cornish  boiler  27  ft.  long 
and  5  ft.  diameter,  with  an  internal  fire-tube  2  ft.  9  in.  diameter.  Fig.  837  is  a  front  elevation 
and  cross-section  of  a  boiler,  8  ft.  long  and  8  ft.  diameter,  having  as  much  heating-surface  as  the 
very  largest  sized  double-flued  Cornish  boiler  33  ft.  long  and  7  ft.  diameter.  The  fire-chamber 
is  the  same  as  in  Cornish  boilers,  and  is  fitted  with  the  usual  furnace  door  and  adjustable  slide 
to  admit  air  over  the  fire  for  the  combustion  of  the  smoke.    The  ash-pit  is  also  fitted  with  a  door, 


390 


BOILER. 


by  means  of  which  the  draught  can  be  regulated.  The  products  of  combustion,  after  passing  the 
fire-bridge,  make  their  way  through  perforated  fire-brick  into  a  roomy  chamber  lined  with  fire- 
brick, and 'thence  pass  through  the  small  tubes  to  the  front  smoke-box,  from  which  they  return 


through  the  larger  tubes  to  the  chimney,  superheating  and  drying  the  steam  in  their  passage. 

The  steam-pipe  extends  internally  over  the  whole  length  of  the  boiler,  and  is  pierced  with  small 

holes,  which  cause  it  to  take  the  steam  equally  from  all  parts  of  the  boiler,  while  the  steam  is 

compelled  by  the  plate  a,  Figs.  835  to  837,  to  pass  over 

the  heated  surface  of  all  the  large  tubes  before  reaching 

the  steam-pipe.     Ogle,  of  whom  we  shall  hereafter  speak, 

introduced  this  description  of  steam-pipe  in  some  of  the 

later  arrangements  of  his  boiler.     When  the  boiler  is  used 

for  non-condensing  engines,  it  is  advisable  to  bring  the 

exhaust-pipe  of  the  engine  to  the  bottom  of  the  chimney,  as 

at  6,  Fig.  835,  where  it  serves  to  stimulate  the  draught. 

But  provision  is  made  for  increasing  or  regulating  the 

draught  to  any  extent  by  a  steam-jet  pipe  c,  Figs.  836,  837, 

having  a  small  hole  opposite  the  centre  of  each  of  the  large 

tubes,  by  which  a  jet  of  steam  can  be  projected  through 

it.    This  method  of  applying  the  steam  jet  to  increase  the 

draught  is  found  to  be  much  more  certain,  powerful,  and 

economical  than  when  applied  in  the  chimney. 

This  boiler,  constructed  by  the  Morelands,  is  short  and 
of  large  proportional  diameter,  and  from  its  circular  form 
is  well  adapted  for  high  pressures.  There  is  also  a  large 
amount  of  heating-surface  within  a  small  bulk,  and  no 
boiler-seating  is  required;  hence  it  is  a  boiler  suitable  for 
situations  where  space  is  limited,  or  when  it  is  desirable  to 
reduce  the  cost  of  fixing  and  of  brickwork. 

The  wagon-boiler,  Figs.  838,  839,  is  used  for  generating 
low-pressure  steam  only. 

In  Figs.  838,  839,  which  are  transverse  and  longitudinal  sections  respectively,  A  is  the  supply- 
pipe  from  the  hot  well  terminating  in  the  cistern  at  the  top  of  the  feed-pipe  ;  B  cistern  at  the  top 
of  feed-pipe,  having  a  valve  fixed  at  the  bottom  ;  C  the  float  employed  to  regulate  supply  of  water 
to  boiler.  The  water  is  kept  at  the  same  height  by  its  action  upon  the  valve  at  the  bottom  of  the 
feed-pipe  ;  thus,  when  there  is  not  sufficient  water  in  the  boiler,  the  float  sinks,  pulls  down  the  arm 
of  the  lever  a  a  to  which  it  is  attached,  and  opens  the  valve,  since  the  counterbalancing  weight  d 
fixed  at  the  other  end  of  the  lever  will  only  support  the  float  when  in  its  proper  situation  in  the 
boiler  and  at  the  required  level  of  the  water.  D  is  a  self-acting  damper  for  regulating  the  con- 
sumption of  fuel  ;  E  E  gauge-cocks  ;  G  steam-gauge  ;  H  safety-valve,  regulated  by  the  engineer  ; 
I  air-valve,  or  atmospheric  safety-valve  ;  U  the  locked  safety-valve.  A  pipe  is  shown  at  the  top 
which  leads  the  steam  that  escapes  into  it  to  the  flue  or  into  the  air.  The  steam  passes  from  the 
boiler  through  the  steam-pipe  ;  a  valve,  called  a  throttle-valve,  L,  being  placed  in  it  for  regulating 
the  amount  of  steam  to  the  cylinder  ;  M  furnace-bars  ;  N  the  flue  ;  S,  S  stays. 

Figs.  840  and  841  represent  longitudinal  and  transverse  sections  respectively  of  the  Whittle 
boiler,  a,  a  are  the  plates  forming  the  body  of  the  boiler  ;  b,  b  the  inner  casing  or  lining  ;  c  is  the 
circulating  space  between  the  inside  of  the  boiler  and  casing,  b.  When  heat  is  applied  to  the 
outside  of  the  boiler  a,  the  water  in  the  space  c  is  first  heated,  and  commences  to  ascend  in  the  space 
c  ;  and  as  the  heat  increases,  a  rapid  circulation  of  the  water  and  steam  takes  place  up  the  heated 
sides  of  the  boiler.  When  the  water  and  steam  reach  the  upper  edge  or  lip  of  the  casing  b  (which 
extends  a  little  above  the  Avntcr-level),  the  steam  is  separated  from  the  water,  which  steam  occu- 
pies the  upper  part  of  the  boiler;  but  the  water  boiling  over  the  edge  of  the  lining  or  casing  b  into 
the  central  part  of  the  boiler,  descends  through  the  short  upright  pipes  d  d  through  the  bottom  of 
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the  lining  into  the  space  c,  and  thus  maintains  a  continuous  circulation  so  long  as  heat  is  applied. 
The  mud  carried  over  settles  on  the  bottom  of  the  lining,  as  shown  in  the  figures,  where  it  is 
retained,  thus  preventing  the  formation  of  deposit  on  the  plate  of  the  boiler.  By  this  arrangement, 
the  boiler  is  kept  clean  and  not  liable  to  rapid  incrustation.  When  Cornish  or  fluid  boilers  are  used, 
as  shown  in  Fig.  842,  the  flues  are  surrounded  by  a  casing  e  e,  the  circulation  taking  place  up  the 
space  //,  the  hot  water  and  steam  being  delivered  at  the  opening  g,  as  shown  in  the  drawing. 

Fig.  843  represents  the  application  to  a  marine  steam-boiler,  where  b  b  are  the  linings  or 
diaphragms  between  the  series  of  flues  c  c  of  the  boiler.  By  the  use  of  these  linings  or  diaphragms  b 
a  steady  circulation  of  the  water  in  the  boiler  is  set  up,  and  the  mud  and  deposit  are,  in  conse- 
quence, made  to  accumulate  at  the  bottom  of  the  boiler,  from  whence  it  may  be  blown  off. 

Before  giving  an  extensive  analysis  of  the  different  arrangements  of  locomotive,  marine,  and 
other  boilers,  designed  to  effect  particular  objects,  it  is  necessary  to  point  out  some  of  the  leading 
properties  of  heat,  water,  and  steam,  determined  by  abstract  reasoning  and  corroborated  by 
experiment. 

Calorific  Capacity  of  Bodies.  Unity  of  Heat. — In  observing  the  general  mode  in  which 
bodies  become  heated,  we  recognize  this  fact,  which  may  be  said  to  be  purely  external,  that  in 
order  to  bring  different  quantities  of  a  same  substance  to  a  same  temperature,  the  same  com- 
bustible being  used,  the  weights  of  the  latter  must  be  proportional  to  those  of  the  substance. 

For  example,  if  10  kilogrammes  of  coal  are  requisite  to  raise  the  temperature  of  a  certain 
weight  of  water  from  0  to  20  degrees — the  conditions  remaining  unaltered — it  will  take  20  kilo- 
grammes to  perform  the  same  operation  upon  twice  that  weight  of  liquid. 

The  reduction  of  this  observation  to  the  accurate  data  of  science  led  to  the  following  positive 
result,  namely  :  That,  to  raise  a  same  weight  of  a  same  homogeneous  and  determinate  substance 
one  degree  in  temperature,  the  expenditure  of  a  same  quantity  of  heat  is  invariably  necessary. 
And  moreover,  with  certain  restrictions  :  That  the  quantities  of  heat  required  are  proportional  to 
the  weight  of  that  same  body  and  to  the  increase  of  temperature. 

This  being  once  established,  it  became  easy  to  create  a  representative  value  capable  of  serving 
as  unity  of  comparison  in  the  various  interchanges  of  heat  that  take  place  between  different  bodies, 
and  of  enabling  us,  also,  to  estimate  the  quantities  of  heat  supplied  by  calorific  sources.  For  that 
purpose  it  was  sufficient  to  select  some  homogeneous  substance,  and  to  adapt,  as  point  of  com- 
parison, that  exact  amount  of  heat  that  was  required  to  raise  its  temperature  by  a  given  value. 

Acting  in  accordance  with  these  principles,  that  quantity  of  heat  which  is  necessary  to  increase 
the  temperature  of  one  kilogramme  of  water  by  one  degree  centigrade  is  what  has  been  adopted  as 
the  unity,  and  serves  to  compare  all  the  interchanges  of  heat  that  are  observed. 

Consequently,  if  we  take  a  kilogramme  of  water  at  zero,  and  raise  it  to  the  temperature  of  one 
degree,  we  say  we  have  given  it  one  unit  of  caloric  ;  if  to  two  degrees,  two  units  ;  and  so  on.  In 
like  manner,  one  kilogramme  of  water,  at  any  temperature  above  zero,  is  considered  to  possess  as 
many  units  of  caloric  as  it  has  degrees  of  temperature. 

We  are  here  speaking  of  water  in  its  liquid  state,  and  of  its  heat  in  so  far  as  it  is  sensible  io 
the  thermometer,  but  not  of  the  total  amount  of  heat  it  in  reality  possesses  at  a  given  temperature. 
We  shall  hereafter  see  that  the  greater  part  of  the  heat  contained  in  a  body  is  latent  and  constitu- 
tive of  its  liquid  or  gaseous  state. 

Let  us,  as  an  example,  suppose  a  red-hot  bullet  to  be  plunged  into  a  vessel  of  water,  and  then 
observe  the  increased  temperature  derived  by  the  latter  from  the  cooling  of  the  bullet,  as  it 
abandons  its  heat  in  favour  of  the  liquid.  By  taking  into  consideration  the  water  only,  and  setting 
aside  the  losses  of  caloric  occasioned  by  evaporation  and  radiation,  it  will  be  easy  to  estimate  the 
amount  of  heat  gained  by  the  liquid  mass,  by  means  of  its  actual  weight  and  increased  temperature. 

From  what  has  just  been  said  of  the  connection  that  exists  between  the  temperatures  in  degrees 
and  the  quantities  of  heat,  if  50  kilogrammes  of  water,  at  the  temperature  of  12  degrees,  acquire  a 
temperature  of  45  degrees  by  the  immersion  of  a  heated  body,  the  quantity  of  caloric  gained  by  the 
water  will  be  ascertained  by  finding  the  product  of  the  difference  of  the  observed  temperatures  by 
the  weight  of  the  mass  expressed  in  kilogrammes. 

Let  W  be  the  weight  of  water  in  kilogrammes  ; 
t   be  the  original  temperature  ; 
t'  be  the  increased  temperature  ; 
n   be  the  number  of  units  of  caloric  gained  ; 
we  have 

n  -  (¿'  _  t)  W  ;  whence  n  =  (45  —  12)  50  kilos.  =  1650  units. 

The  reasoning  would  be  precisely  the  same  if  it  were  required  to  find  the  number  of  units  of 
caloric  lost  by  the  immersion  of  a  body  colder  than  the  water. 

If,  for  example,  we  plunge  a  very  cold  body  into  50  kilogrammes  of  water  at  45  degrees,  and 
that,  the  temperature  being  thereby  reduced  to  10  degrees,  we  wish  to  know  how  many  units  of 
caloric  have  been  lost  by  the  water  after  the  equilibrium  has  been  restored,  we  have,  as  before, 

n  -  (45  —  10)  50  =  1750  units. 

Specific  Heat.— A  body  is  said  to  have  a  greater  or  less  capacity  for  heat,  according  as  it  require3 
a  greater  or  less  amount  to  cause  its  temperature  to  vary  an  equal  number  of  degrees.  If,  by  com- 
paring two  equal  weights  of  two  different  substances,  it  be  found  that,  in  order  to  increase  their 
respective  temperatures  by  one  degree,  it  takes  twice  the  quantity  of  heat  in  the  one  case  that  it 
does  in  the  other,  we  conclude  that~the  calorific  capacity  of  the  one  mass  is  double  that  of  the  other. 
By  representing,  therefore,  the  smaller  capacity  by  1,  we  may  represent  the  larger  by  2. 

The  calorific  capacity  may  likewise  be  characterized  by  observing  the  ratio  of  the  tempera- 
tures acquired  by  equal  masses  of  different  substances  to  which  equal  quantities  of  heat  have  been 
communicated .  the  coldest  evincing,  necessarily,  the  greatest  calorific  capacity.    Moreover,  the 
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numerical  ratios  of  those  capacities  will  be  represented  by  the  temperatures  expressed  in  degrees, 
but  in  inverse  proportion. 

For  instance,  supposing  that  we  plunge  three  equal  bullets,  of  the  same  metal,  and  heated  to 
the  same  temperature,  into  three  equal  volumes  of  different  liquids,  and  afterwards  find  that  the 
temperatures  of  those  liquid  masses  have  been  respectively  raised  1  degree,  2  degrees,  3  degrees  ; 
it  may  be  said  that  their  calorific  capacities  are  inversely  proportional  to  these  increments  of  tem- 
perature, that  is,  as  3  :  2  :  1. 

So  that  the  calorific  capacity  of  a  body,  or  its  specific  heat,  is  represented  by  a  number,  similar 
to  a  coefficient,  and  which  has  reference  to  the  unity  for  which  the  specific  heat  of  a  certain  sub- 
stance serves  as  standard. 

For  liquids  and  solids  the  standard  chosen  is  water,  the  unity  of  heat  corresponding,  as  we  have 
already  stated,  to  that  quantity  which  is  necessary  to  raise  the  temperature  of  1  kilogramme  of 
water  1  degree. 

In  the  case  of  gases,  atmospheric  air  has  been  selected  as  the  standard  of  comparison  ;  but 
water  must,  nevertheless,  also  be  used,  so  that  absolute  practical  values  may  be  obtained. 

When  we  wish  to  find  the  respective  calorific  capacities  of  gases,  we  compare  them,  one  with 
another,  in  equal  volumes,  but  under  two  different  conditions. 

When  a  gas  is  heated,  it  expands,  and  tends  to  increase  its  volume.  If  it  be  subject  to  a  con- 
stant pressure,  that  augmentation  takes  place  freely,  according  to  the  value  of  its  coefficient  of 
expansion.  If,  on  the  contrary,  the  space  that  it  occupies  be  inextensible,  its  volume  remains  the 
same,  but  its  pressure  increases.  It  has,  consequently,  been  the  preoccupation  of  physicists  to 
ascertain  whether,  under  these  two  conditions,  the  calorific  capacities  of  gases  might  not  be 
different  ;  and  that  is  why  the  Tables,  giving  the  results  of  their  labours,  show  two  columns,  based 
upon  the  foregoing  consideration. 

From  the  purely  practical  point  of  view  we  are  now  taking  of  the  subject,  this  distinction  is, 
perhaps,  not  of  any  very  great  importance,  esj3ecially  as  the  differences  themselves  are  not  very 
considerable  ;  but  it  was  necessary  that  we  should  mention  it,  in  order  that  the  following  Tables, 
borrowed  from  the  illustrious  savants  to  whom  we  are  indebted  for  these  useful  researches,  may  be 
better  understood. 

We  must  further  state  that  it  is  our  intention  to  cite  such  substances  only  as  are  susceptible  of 
being  employed  in  the  organs  of  motion  about  to  occupy  our  attention. 

To  render  these  Tables  perfectly  intelligible,  it  will  be  sufficient  if  we  define  clearly  what  is 
meant  by  the  numerical  value  of  the  coefficient  of  specific  heat,  or  simply,  by  the  calorific  capacity 
of  a  body. 

It  being  agreed  to  term  unity  of  heat  that  quantity  of  caloric  which  increases  by  1  degree  the 
temperature  of  1  kilogramme  of  water,  comparisons  were  made  with  a  large  number  of  substances, 
and  it  was  found  that  that  same  amount  of  heat  produced,  in  every  kilogramme,  modifications  of 
temperature  that  differed  widely,  according  to  the  substance  to  which  it  was  applied  ;  and  that,  in 
nearly  all  cases,  the  elevation  of  temperature  was  much  more  considerable  than  that  of  the  water. 

But  this  very  definition  of  calorific  capacity  tends  to  show  that  the  ratio  between  the  increased 
temperature  of  the  water,  that  is  to  say,  one  degree  or  unit  for  every  kilogramme,  and  the  increase 
of  temperature  of  the  substance  under  consideration,  is  precisely  equal  to  the  inverse  ratio  of  the 
capacities  of  that  substance  and  the  water. 

Consequently,  if  c  represent  the  capacity  of  water  and  t  its  increased  temperature,  c'  the  capa- 
city of  the  substance  to  be  compared  and  t'  its  increased  temperature,  we  shall  have 

t         c' 

t  :  t  .  :  c  .  c,  or  —  =  —  « 

t  c 

But  the  value  of  both  t  and  c  being  the  unity,  the  capacity  c'  of  the  given  substance  is 

,_  1^ 

c  ~  ¥  ' 

Whence  we  derive  the  following  definition  : 

The  numerical  value  c'  of  the  coefficient  of  specific  heat  of  a  determinate  substance  is  equal  to  the 
quotient  of  the  unity  divided  by  the  increase  of  temperature  produced  by  one  unit  upon  one  kilogramme  of 
that  substance. 

The  values  inscribed  in  the  following  Tables  are  precisely  the  aforesaid  quotients  for  each  cor- 
responding substance.     A  little  later  we  shall  give  a  few  examples  of  the  use  of  these  values. 

Table  I. — Capacities  of  Gases. 
Ascertained  by  MINI.  Delaroche  and  Bérard,  those  of  air  and  water  being  taken  as  unity. 


Calorific  Capacities,  that  of  Air 
being  1  for 

Capacities  for 

equal  Masses, 

Water  being 

taken  as  unity. 

Ratio  of  Capacities  for 

Names  of  Gases. 

Constant 
Volumes. 

Equal  Volumes. 

Equal  Masses. 

Constant 
Pressures. 

Atmospheric  air 

Hydrogen          

Oxygen      

1-000 

0-9035 

0-9765 

1-9600 

1-000 
12-3401 

0-8848 

3-1360 

0-2669 
3*2936 
0-2361 

0-8470 

1-421             1-00 
1-407             1-00 
1-415      i       1-00 

Steam        

According  to  Dulong 

By  this  Table  it  is  seen  that,  weight  for  weight,  hydrogen  is  the  most  difficult  gas  to  heat, 
since  it  requires  twelve  times  more  caloric  than  atmospheric  air  to  raise  it  to  an  equal  temperature. 
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After  hydrogen  comes  steam,  whose  capacity  is  almost  double  that  of  air,  and  very  nearly  equi- 
valent to  that  of  water. 

The  two  last  columns  of  the  Table  indicate,  according  to  Dulong,  the  variations  undergone  by 
the  calorific  capacities  of  the  corresponding  gases,  whether  they  be  considered  under  constant 
volumes  or  constant  pressures  while  submitted  to  the  influence  of  heat.  We  see  that,  the  pressure 
being  constant,  the  capacity  varies  from  1  to  about  1*4,  if  the  gas  is  compressed  by  the  effort  of 
expansion  that  takes  place  during  heating. 

However,  this  question  is  far  too  complicated  for  us  to  give  it  full  extension  here  ;  we  have 
thought  proper,  therefore,  merely  to  mention  it  by  the  way,  referring  those  of  our  readers  who  are 
desirous  of  more  deeply  investigating  it  to  special  works  upon  the  subject. 

Table  II. — Calokific  Capacities  of  Vakious  Substances. 
That  of  water  being  taken  as  unity. 


Names  of  Substances. 


Water 

Iron        

„    from  0°  to  100°    .. 
„       „     0°  „300°     .. 

Cast  iron       

Steel       

Copper 

„       from  0°  to  100° 
„    0°  „  300° 

Brass      

Lead      

55  

Tin         

55  

Zinc       

Glass  from  0°  to  100°  " 

"      from  0°  to  300°" 

Charcoal        

Coal  and  coke  (average) 
Woods,  various     . . 


Calorific  Capacities. 

Observations. 

1-0000 

o-iioo 

Dulong  and  Petit. 

0-1098 

55                                  55 

0-1218 

0-1298 

Eegnault. 

0-118  to  0-127 

0-0949 

Dulong  and  Petit. 

0-0940 

0-1013 

0-09515 

Eegnault. 

0-09391 

0-0293 

Dulong  and  Petit. 

0-0314 

Eegnault. 

0-0514 

Dulong  and  Petit. 

0-05623 

Eegnault. 

0-0927 

Dulong  and  Petit. 

0-09555 

Eegnault. 

0-1770 
0-1900 

1  Dulong  and  Petit. 

0-19768 

Eegnault. 

0-2415 

0-20 

0-600  to  0-650 

Mayer. 

This  second  Table,  relating  to  the  calorific  capacities  of  the  principal  substances  used  in 
construction  and  manufactures,  shows  that,  of  them  all,  water  possesses  the  greatest,  and  is,  conse- 
quently, the  most  difficult  and  the  most  expensive  to  heat.  The  next  is  wood,  and  that  which  has 
the  smallest  capacity  is  lead. 

Application  of  the  Coefficients  of  Calorific  Capacity. — The  knowledge  of  the  calorific  capacities  of 
bodies,  and  their  representation  by  numerical  values,  lead  to  problems  that  are  both  highly  inte- 
resting and  extremely  useful  in  their  application.  The  principal  ones  may  be  summed  up  as 
follows  : — 

1st.  Find  the  quantity  of  heat  necessary  to  raise  the  temperature  of  a  body  a  given  number  of 
degrees  ;  and  reciprocally,  how  much  heat  must  be  withdrawn  in  order  to  lower  its  temperature 
in  the  same  proportion. 

2nd.  Find  the  temperature  of  a  mixture,  whether  the  bodies  be  equal  or  unequal  in  mass  and 
calorific  capacity. 

3rd.  Find  the  effects  of  expansion  produced  by  given  quantities  of  heat  upon  gases  or  vapours. 

We  will  endeavour  to  illustrate  by  a  few  examples  these  different  modes  of  treating  the  question  ; 
reserving,  however,  for  later,  further  particulars  relating  to  expansion,  which  may  be  more  particu- 
larly interesting  when  we  come  to  speak  of  superheated  steam  and  of  motors  worked  by  gases. 

Researches  as  to  the  Quantity  of  Heat  corresponding  to  a  given  Variation  of  Temperature. — It  has 
been  seen,  from  the  definition  of  capacity  and  the  unity  of  heat,  that  the  amount  of  caloric  a  body 
loses  or  gains,  according  as  it  becomes  heated  or  chilled  to  a  given  number  of  degrees,  is  propor- 
tional both  to  its  mass  and  to  its  calorific  capacity  ;  since,  if  1  kilogramme  of  water  absorbs  1  unit 
in  order  to  gain  1  degree  in  temperature,  it  would  absorb  2  units  for  2  degrees,  and  so  on  ;  or  else, 
2  kilogrammes  would  absorb  2  units  for  1  degree  :  finally,  1  kilogramme  of  a  substance  whose 
specific  heat  is  0  •  5  would  absorb  half  a  unit  to  raise  its  temperature  1  degree,  and  so  on.  Conse- 
quently, the  general  formula  for  heating  and  cooling  is  this  : 

íi=íWc,orw=(í'-í)Wc,  [A] 

t'  —  t,  or  simply  ¿,  being  the  difference  of  temperature,  or  the  number  of  degrees  gained  or  lost. 

First  example.— How  many  units  of  heat  would  be  absorbed  by  50  kilogrammes  of  water  at  15 
degrees,  that  its  temperature  might  be  increased  to  60  degrees  ? 

n  =  (60  -  15)  x  50  x  1  =  2250  units. 

The  result  would  evidently  be  the  same  in  order  to  lower  the  temperature  from  60  degrees  to 
15  degrees. 
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Second  example. — If  3000  units  of  heat  were  supplied  to  500  kilogrammes  of  water,  what  would 
be  the  increase  in  its  temperature  ? 
By  the  preceding  formula  we  have 

n         v.                   3000         eJ 
t  =  =r—  ;  whence  t  =  — — =  6  degrees. 

Wc  oOO  x  1 

Third  example. — How  many  units  of  caloric  are  given  out  by  100  kilogrammes  of  iron  when,  in 
cooling,  its  temperature  is  lowered  200  degrees  ? 

The  preceding  Table  indicates  that  the  calorific  capacity  of  iron  is  0*11,  therefore 
n  =  200°  x  100k  x  0-11  =  2200  units. 

Fourth  example. — "When  100  kilogrammes  of  a  body  give  out  1000  units  of  heat  in  cooling,  and 
its  temperature  is  lowered  55  degrees,  what  is  its  calorific  capacity  ? 

From  the  same  formula  whence  we  derived  the  value  of  i,  we  also  obtain 

.        "    .„e=     ™»  0-1819. 

i¥  5o  x  100 

To  Find  the  Temperature  of  a  Mixture  or  Compound. — This  problem  is  susceptible  of  various  solu- 
tions, according  as  the  capacities  of  the  substances  compounded  are  equal  or  different.  We  will 
give  examples  of  both  cases.  It  is  possible,  however,  to  establish  a  general  formula,  that  will  only 
be  simplified  if  the  masses  or  capacities  are  equal. 

If  two  substances  be  compounded  whose  weights  are  W  and  W',  the  temperatures  t  and  t\  and 
the  capacities  c  and  c',  there  will  result  a  final  temperature  x,  to  find  which  we  reason  thus  : 

After  mixing,  the  two  masses  will  have  acquired  an  even  temperature  ;  the  one  will  be  a 
certain  number  of  degrees  colder,  represented  by  t  —  x,  whence  the  number  of  units  it  will  have 
lost  will  be  =  (t  -  x)Wc;  while  the  other,  on  the  contrary,  will  have  acquired  an  accession  of 
caloric  (x  —  t')  W  c'. 

But  since  that  which  was  lost  by  one  of  the  masses  has  been  gained  by  the  other,  these  two 
quantities  are  equal,  and  give  the  following  equation  : 

(i-a)Wc  =  (i-0  W'  c',  [B] 


from  which  we  obtain  ífc+í'W'c' 


[C] 


Wc  +  WV  ' 

x  being  the  required  temperature  of  the  compound. 

It  is  evident,  however,  that  when  the  masses  or  the  capacities  are  equal,  the  symbols  whereby 
they  are  represented  must  be  eliminated  from  the  foregoing  expression.  For  instance,  if  the  masses 
of  the  bodies  compounded  were  equal,  we  should  have  W  =  W  ;  and  the  relation  would  assume  the 

I W  c  4- 1'  W  c'  (£  c  4-  í'  c')  W 

following  form  :  — ^ —     w  -,-  ;  whence  we  have     (         >\w~?  where  W  necessarily  disappears, 

i       ■                                                                       tc  +  t'c'  __._ 

leaving  x  =  ■ ¡ — ¡-  ,  [Dj 

cfc 

that  is  to  say,  the  mass  is  not  to  be  considered. 

If  the  capacities  were  equal,  the  same  operation  would  be  performed  with  respect  to  c  and  </ 
which  would  disappear,  the  formula  taking  the  shape 

¿W-M'W' 
X=    W4-W   '  [E] 

Finally,  if  the  masses  and  the  capacities  both  happened  to  be  equal,  one  expression  would  then 
be  reduced  to  the  following  : 

*  =  —•  [F] 

It  will  be  seen  that  the  foregoing  first  general  expression  [B]  suffices  to  find  the  temperature 
of  a  compound  under  every  condition.  We  may  even  suppose  the  form  reversed,  and  that  it  be 
proposed  to  find  the  requisite  proportions  of  a  compound  in  order  to  obtain  a  given  temperature. 
We  will  give  a  few  examples  of  each  particular  case. 

First  example.  Equal  masses  and  equal  capacities. — Find  the  temperature  x  of  a  mixture  of 
two  equal  masses  of  water,  the  one  at  a  temperature  t  =  25  degrees,  the  other  at  a  temperature 
t'  =  40  degrees. 

Formula  [F]  x  =  --^—-  =         ^         =  32 -5  degrees. 

Second  example.    Equal  capacities. — What  will  be  the  temperature  of  a  mixture  of  10  kilo- 
grammes of  water  at  12  degrees  and  15  kilogrammes  at  50  degrees  ? 
Formula  [E]  : 

tW  +  t'W  _  (12°  x  10)  +  (50-  x  15)  _ 
x  -    W  +  W 10  +  15 34  8  degreeS' 

Third  example.  Equal  masses. — 500  kilogrammes  of  water  at  90  degrees  are  poured  into  a 
copper  vessel  of  the  same  weight  and  a  temperature  of  15  degrees  ;  find  the  temperature  of  both 
vessel  and  water,  at  the  moment  of  equilibrium,  supposing  that  there  are  no  losses  of  caloric. 

Formula  [D].  By  the  Table  we  find  the  capacity  of  copper  to  be  0-095.  Consequently,  we 
have 

tc  +  t'c'      (90°  x  1)4-  (15°  x  0-095)      00  K  Á 
x=-c-+y-= T+W5 ^  =  83-5  degrees. 
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So  that  the  temperature  has  only  fallen  6° -5,  to  raise  that  of  the  500  kilogrammes  of  copper 
from  15°  to  83°- 5:  this  is  owing  to  the  enormous  difference  between  the  capacity  of  water  and 
that  of  copper. 

Fourth  example.  All  conditions  differing. — A  mass  of  iron  weighing  150  kilogrammes,  and 
at  a  temperature  of  300  degrees,-  is  plunged  into  100  kilogrammes  of  water  at  10  degrees  ;  what 
will  be  the  temperature  of  the  water  when  equilibrium  of  temperature  has  been  established  ? 

The  different  data  of  the  problem  stand  thus  : 

^        ...  (Water        c    =1 

Capacities   ..    ..   ^ rf  =  ó.u 

Temperatures   ..   {™e^      "      »      "      »      »      ;;   J  ={£, 

XKT  •  -ut.  (Water        W  =  100k 

Weights       ..    ..   |Iron W'=150* 

Formula  [C]  : 

_  tWc  +  t'W'c'  _  (10°  x  100k  x  1)  +  (300°  x  150k  x  0-11)  _ 
x  -    Wc  +  W'c'    -  (100*  x  1)  +  (150k  x  0-11)  -  51-07  degrees. 

Fifth  example.  Mixture  of  gases. — The  preceding  rules  apply  equally  to  the  mixtures  of 
bodies  whose  quantities  are  expressed  by  their  volumes.  Thus  it  has  been  already  seen  that  the 
relative  capacities  of  gases  have  been  ascertained  in  this  manner,  by  taking  atmospheric  air  as  the 
unity. 

We  propose,  therefore,  to  find  the  temperature  #  of  a  mixture  of  two  volumes  of  hydrogen  and 
oxygen  under  the  following  conditions  : 

Capacities..    ..  {^f»  "      v      ;;'     "      "      "  J  Z  ~ 
Temperes  ..   Imogen  ..      ..      ..      ..      ..      ..   ,    =  10= 

Volumes  (Hydrogen ..      ..  V   =  1™C 

Volumes      ..    ..   j0xygen      V'  =  0mc-800 

Formula  [C]  : 

_  Ytc  +  Y't'c'  _  (lmc  x  10°  x  0-9035)  +  (0mc-800  x  45°  x  Q-9765)  _ 
x  ~    cY  +  c'Y'    ''  (0-9035  x  1)  + (0-9765  x  0-800)  ~  ~  ' 

To  Find  the  Proportions  of  a  Mixture. — It  is  as  frequently  required,  in  practice,  to  ascertain  in  what 
proportion  a  mixture  ought  to  be  compounded  so  as  to  have  a  certain  temperature,  as  it  is  to  per- 
form the  inverse  operation  :  and,  although  the  only  thing  necessary  for  that  purpose  is  a  suitable 
adaptation  of  formula  [B]  or  [C],  involving  no  difficulty,  we  will,  nevertheless,  give  a  few  more 
examples. 

First  example. — Given  a  mass  of  lead  weighing  75  kilogrammes,  at  150  degrees,  in  what  body 
of  water  at  12  degrees  should  it  be  plunged  in  order  that  the  whole  exceed  not  20  degrees  at  the 
moment  that  the  equilibrium  of  temperature  is  established  between  the  liquid  and  the  metal  ? 

The  unknown  quantity,  this  time,  is  the  weight  W  of  the  mass  of  water  ;  and,  if  we  retain  the 
same  notation  as  in  formula  [B],  a?,  the  temperature  of  the  mixture,  will  equal  20  degrees.  Con- 
sequently, the  fundamental  formula  [B]  being  (i  —  x)  W  c  =  (x  —  t')  W'  c',  we  easily  extract  from 

(x t')W  c' 

it  the  value  W  =  -— — ^— ,  which  becomes  the  general  expression  applicable  to  all  problems 

(£  —  x)  c 

of  the  nature  of  the  one  above  proposed,  and  of  which  we  will  now  give  the  solution.  It  must  be 
observed,  however,  that  in  this  particular  case,  where  t'  is  greater  than  a?,  and  x  is  greater  than  t, 
it  would  be  as  well  to  transpose  the  complex  quantities  between  brackets  in  order  not  to  have 
negative  values,  which  should,  nevertheless,  not  affect  the  result  :  on  the  other  hand,  as  x  is  no 
longer  the  unknown  quantity,  we  shall  replace  it  by  the  sign  T,  to  indicate  the  given  temperature 
of  the  mixture. 

The  foregoing  expression,  thus  modified,  then  becomes 

(T-T)WV 

(T  -  t)  a     '  LUJ 

and  if  we  introduce  into  this  formula  the  several  data  of  the  problems,  together  with  the  calorific 
capacity  of  lead  —  0  ■  0293  (second  Table),  we  find  that  the  body  of  water  required  is 
___      (150°  -  20°)  75  x  0-0293      Q. 

= C20°  -  12°)  x  1 =  kilogrammes. 

The  relative  smallness  of  this  weight  of  water  is  perfectly  in  accordance  with  the  small  calo- 
rific capacity  of  lead,  which  is  about  the  thrce-hundredths  of  that  of  water. 

Second  example. — What  weight  W  of  cold  water,  at  t  —  12  degrees,  must  be  added  to  W', 
=  100  kilogrammes  of  the  same  liquid,  at  t'  —  80  degrees,  so  as  to  obtain  a  mixture  T,  =  20 
degrees  ? 

As  here  the  capacity  is  the  same  for  both  masses,  the  formula  [G]  becomes 
_      (i'-T)W'  _      (80  -  20)  x  100 

=      ,T  _   .     ;  whence  W  = on"!  2 =  7     kilogrammes. 

These  examples  will  be  sufficient  to  show  the  utility  and  the  application  of  the  coefficient  of 
specific  heat  ;  they,  moreover,  lead  up  to  the  solution  of  those  problems  involving  quantities  of 
latent  heat,  touching  which  we  are  now  going  to  speak.  It  must,  however,  be  stated  that  the 
experiments  that  have  enabled  the  determination  of  the  calorific  capacities  of  the  different  bodies 
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correspond  only  withli  limited  range  of  temperature,  beyond  which  those  capacities  may  be  found 
to  vary  slightly.  But,  in  practice,  this  uncertainty  has  no  material  importance,  especially  as 
bodies  that  are  subjected  to  heat  invariably  lose,  from  accidental  causes,  quantities  thereof  consi- 
derably greater  than  could  possibly  arise  from  the  incorrectness  of  the  coefficients. 

Latent  Heat. — At  the  moment  any  change  takes  place  in  a  body,  whether  it  be  its  transition 
from  the  solid  to  the  liquid  state,  or  from  this  last  to  that  of  gas,  a  very  curious  and  remarkable 
calorific  phenomenon  is  observed.  It  is  found  that  its  temperature  remains  the  same  so  long  as 
the  change  in  its  state  is  going  on,  and  consequently,  that  the  quantities  of  heat  with  which  it  is 
supplied  in  the  meanwhile  are  not  perceptible  by  the  thermometer. 

This  peculiarity  is  thus  explained  :  while  a  body  is  changing  its  state,  it  absorbs  a  certain 
amount  of  heat  which  is  exclusively  employed  in  bringing  about  that  change,  but  does  not  in  any 
way  tend  to  modify  the  temperature  of  the  body.  Hence  the  term  latent  given  to  that  quantity  of 
heat,  which  effectually  is  hidden,  since  it  cannot  be  detected  by  the  instrument  generally  used  to 
reveal  its  presence.     Latent  heat  was  discovered,  compared,  and  measured  by  Dr.  Black. 

In  like  manner,  if  either  of  the  above-mentioned  changes  takes  place  inversely  in  a  body — that 
is  to  say,  if  from  the  state  of  gas  it  passes  to  that  of  liquid,  or  from  the  state  of  liquid  to  that  of 
solid — it  will  be  observed  to  give  out  a  certain  quantity  of  heat  without  its  temperature  being  in 
the  least  affected  thereby  while  the  operation  is  going  on.  This  is  nothing  more  than  its  abandon- 
ment of  that  latent  heat  which  was  necessary  to  maintain  it  in  its  recent  state. 

Fusion  Heat. — The  first  example  to  be  cited  in  demonstration  of  the  existence  of  latent  heat,  is 
the  transformation  of  water  into  ice,  or,  reciprocally,  its  return  from  the  solid  to  the  liquid  state. 
Long  before  the  experiments,  which  we  will  term  quantitative,  were  made,  it  was  known  that  there 
existed  solid  water  (ice)  as  well  as  liquid  water  at  zero,  although  it  was  necessary  to  heat  the  ice 
to  cause  it  to  melt.  That  already  sufficed  to  reveal  the  existence  of  a  certain  amount  of  caloric 
absorbed  solely  by  this  change  of  condition  ;  but  its  great  importance  had  yet  to  be  discovered. 
It  was  then  shown,  after  very  minute  researches,  that  if  1  kilogramme  of  ice  at  zero  be  brought 
into  contact  with  1  kilogramme  of  water  at  79°,  there  will  remain,  after  the  fusion  is  completed, 
2  kilogrammes  of  water  at  the  temperature  of  zero.  Consequently,  the  whole  of  the  manifest  heat 
contained  in  the  1  kilogramme  of  liquid  water  is  absorbed  in  reducing  the  1  kilogramme  of  ice  to 
a  similar  state  ;  and,  while  the  temperature  of  the  latter  remains  unaltered,  that  of  the  former 
falls  from  79  degrees  to  zero.  The  result  would  be  the  same  if,  instead  of  1  kilogramme  at  79°, 
we  took  79  kilogrammes  at  Io. 

By  referring  to  what  has  been  said  about  calorific  capacity,  we  perceive  that  the  one  kilo- 
gramme of  water  at  79°  represented  the  same  number  of  units  of  heat  as  were  actually  employed 
in  melting  the  one  kilogramme  of  ice  ;  whence  we  conclude  (see  the  experiments  of  MM.  de  la 
Provostaye  and  Desains)  that 

One  kilogramme  of  ice,  at  the  temperature  of  zero,  will  absorb  79  units  of  heat,  called  latent,  or,  more 
strictly,  79*25  units,  in  order  to  pass  into  the  liquid  state  :  that 

One  kilogramme  of  water,  at  no  matter  what  temperature,  contains,  above  zero,  as  many  units  of  caloric 
as  it  does  degrees  of  temperature,  plus  79  ■  25. 

This  phenomenon  of  latent  fusion  heat  is  common  to  all  bodies  which  possess  each  their 
peculiar  quantity  of  caloric  absorbed  for  each  unit  of  weight. 

As,  in  steam-engines,  water  intervenes  solely  under  its  second  change  of  state,  we  will  not 
dwell  any  longer  upon  the  first — though  we  deemed  it  indispensable  that  it  should  be  known,— 
but  will  close  this  part  of  the  subject  by  a  few  examples. 

First  example  of  the  latent  fusion  heat  of  ice. — We  propose  to  find  the  quantity  of  water 
necessary  to  melt  a  certain  weight  of  ice  at  the  assumed  temperature  of  zero,  which  shall  also  be 
the  temperature  of  the  mixture  after  the  fusion  has  taken  place.    Let  the 

"Weight  of  the  ice  be W  =  25  kilogrammes. 

Weight  of  the  water  be      W'  =  unknown. 

Temperature  of  the  water  be t    =  15  degrees. 

Fusion  heat  be I    =  79  ■  25  units. 

Solution. — On  the  one  hand,  it  takes  as  many  times  79*25  units  as  there  are  kilogrammes  of 
ice  ;  and  on  the  other,  that  number  of  units  is  equal  to  the  product  of  the  weight  of  the  water 
required  by  its  temperature,  that  is  to  say,  W I  ==  W  t.     Therefore  we  have 

o?;  v  7Q-25 

25  x  79*25  =  W  x  15°;  whence  W  =  , =  132*08  kilos. 

lo 

Second  example. — If  W  =  10  kilogrammes  of  ice  at  zero  be  thrown  into  W  =  100  kilogrammes 
of  water  at  18°,  what  will  be  the  temperature  x  of  the  mixture  after  fusion  ? 

Solution. — It  will  require  10  times  to  melt  the  ice,  which  will  have  to  be  subtracted  from 
the  manifest  quantities  of  heat  contained  in  the  water,  or,  100  times  18  degrees  ;  and  the  required 
temperature  x  is  the  quotient  of  that  difference  divided  by  the  sum  of  the  weights  W  and  W. 
Thus, 

_  (¿W)-  (I  W)  _  (18°  x  100)  -  (10x79*25) 

x  -     w  +  w    -  lbo  +  io  - 9  lb  deörees- 

We  may  here  remark  that  it  is  easy  to  calculate  the  total  amount  of  heat  n  that  would  be  given 
out  by  this  liquid  mass  in  passing  into  the  solid  state  at  the  temperature  of  zero.  We  should 
then  have 

n  -  (W  +  W)  I  +  (W  +  W)  x  ;  or,  (W  +  W)  x  (I  +  x)  ; 
whence     n  =  (10  +  100)  x  (79*25  +  18°)  =  10697*5  units. 
And,  vice  versa,  this  same  quantity  of  heat  would  be  capable  of  increasing  by  one  degree  the 
temperature  of  10697 '5  kilogrammes  of  water. 
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Latent  Heat  of  Steam. — During  the  second  change  of  state  to  which  bodies  are  liable,  the  effects 
are  precisely  identical  with  the  above.'  When  a  liquid  is  transformed  into  steam  it  absorbs  a  very- 
large  amount  of  heat  which  is  entirely  undistinguishable  by  the  thermometer,  the  steam  havin°- 
exactly  the  same  temperature  as  the  liquid  whence  it  emanates.  The  difference  that  exists 
between  the  effects  of  fusion  and  evaporation  is  this,  that,  weight  for  weight,  the  quantities  of 
latent  heat  absorbed  are  much  more  considerable  in  the  latter  case.  But  both  possess  this  one 
peculiarity,  that  the  absorption  of  latent  heat  takes  place  whatever  may  be  the  process  of  fusion 
or  evaporation — whether  slow  or  rapid.  Thus,  any  vapour  arising  from  simple  ordinary  evapo- 
ration in  the  open  air  possesses  just  the  same  quantity  of  latent  heat  as  that  arising  from  the 
ebullition  of  a  body  of  liquid,  subject  to  the  same  ambient  pressure. 

When  steam  is  formed  from  a  mass  of  liquid  exposed  to  the  action  of  a  fire,  it  takes  its  latent 
heat  from  that  liquid,  which  consequently  ceases  to  increase  in  temperature.  But,  if  this  steam 
emanate  from  a  liquid  apart  from  any  active  source  of  heat,  its  latent  heat  is  taken,  not  only  from 
the  liquid,  but  also  from  the  vessel  containing  it  and  from  the  surrounding  objects.  There  may 
thence  result  a  very  sensible  cooling  of  those  objects  and  of  the  said  liquid,  if  the  evaporation  can 
be  continued  without  recuperation  of  heat.  Notwithstanding  our  desire  to  avoid  purely  physical 
disquisitions,  we  cannot  refrain  from  citing  an  experiment  that  brings  clearly  to  light  this 
phenomenon  of  the  absorption  of  latent  heat  by  evaporation,  no  matter  what  the  accompanying 
circumstances  may  be  or  the  temperature  at  which  it  takes  844 

place. 

A  cup  of  water,  at  the  ordinary  temperature,  is  made 
to  stand  over  a  saucer  or  pan  containing  concentrated 
sulphuric  acid,  and,  the  whole  being  placed  under  the 
receiver  of  an  air-pump,  as  seen  Fig.  844,  we  begin  to 
exhaust  the  air.  By  degrees,  as  the  vacuum  is  established 
and  the  pressure  under  the  receiver  diminishes,  the  water 
begins  to  boil,  and  evaporates  the  more  rapidly  as  the 
action  of  the  machine  is  accelerated.  But  the  vapour 
thus  formed,  and  which  would  soon  arrest  all  further 
evaporation  if  allowed  to  remain  under  the  receiver,  is 
partly  taken  up  by  the  machine  while  the  remainder  is 
absorbed  by  the  sulphuric  acid  ;  consequently,  the  vacuum 
is  maintained  under  the  receiver  and  the  evaporation 
continues.  But,  in  a  few  moments,  the  water  that  remains 
in  the  cup  will  be  completely  congealed,  forming  one  solid 
lump  of  ice. 

This  curious  phenomenon  is  solely  explained  by  the  definition  we  have  just  expounded  of 
latent  heat.  The  steam,  in  forming,  has  borrowed  so  much  caloric  from  the  water  as  to  lower  the 
temperature  of  the  latter  to  freezing-point.  It  now  remains  for  us  to  give  the  value  of  this  latent 
heat  of  steam,  whose  outward  effects  are  made  visible  by  means  of  very  simple  experiments. 

Amongst  other  experimentalists  of  merit,  the  learned  M.  Kegnault  made  very  minute  re- 
searches touching  the  latent  heat  of  steam,  the  general  result  of  which  will  be  found  embodied  in 
the  following  Table  :•— 

Table  of  the  Quantities  of  Latent  Heat  foti  Steam  foemed  between  0°  and  230°. 


Temperatures. 

Latent  Heats. 

Temperatures. 

Latent  Heats. 

Temperatures. 

Latent  Heats. 

1 
Temperatures. 

Latent  Heats. 

0 

607 

60 

565 

120  , 

522 

180 

479 

10 

600 

70 

558 

130 

515 

190 

472 

20 

593 

80 

551 

140 

508 

200 

464 

30 

586 

90 

544 

150 

501 

210 

457 

40 

579 

100 

537 

160 

494 

220 

449 

50 

572 

110 

529 

170 

486 

230 

442 

The  values  that  appear  under  the  head  of  latent  heats  indicate  the  number  of  units  of  caloric 
absorbed  by  each  kilogramme  of  steam,  at  the  corresponding  temperature,  at  the  moment  of  its 
formation.  Consequently,  those  same  quantities  of  caloric  would  be  given  out  by  the  steam  on 
its  return  to  the  liquid  state. 

For  a  long  time  it  liad  been  admitted  that  the  amount  of  latent  heat  was  always  the  same,  no 
matter  at  what  temperature  steam  was  generated;  but  the  result  of  M.  Regnault's  researches 
shows  that  notion  to  be  incorrect,  and  that  the  quantity  of  caloric  that  is  absorbed  by  evaporation 
diminishes  according  to  a  certain  progression  which  is  in  inverse  ratio  to  the  temperatures. 

To  select  the  most  ordinary  examples,  let  it  be  observed  that  whereas  water  at  100  degrees 
takes  up  537  units  of  latent  heat,  that  at  150  degrees  only  absorbs  501  units. 

Application  of  the  Latent  Heat  of  Steam. — The  general  study  of  heat,  in  its  reference  to  the 
formation  of  steam  for  mechanical  purposes,  is  of  twofold  importance  ;  firstly,  as  regards  the 
quantities  of  fuel  to  be  expended  ;  secondly,  as  regards  the  condensation  of  that  same  steam  after 
it  has  done  its  work.     We  will  give  examples  of  both  cases. 

First  example. — What  will  be  the  total  number  n  of  units  of  caloric  required  by  a  weight 
W  =  25  kilogrammes  of  water,  whose  temperature  t  =  10  degrees,  in  order  to  convert  it  into 
steam  under  the  pressure  of  1  atmosphere  ? 

Solution. — The  temperature  T,  apparent  by  the  thermometer,  of  steam  generated  under  a 
pressure  of  1  atmosphere,  being  100  degrees,  the  number  of  units  of  caloric  absorbed  by  each 
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kilogramme  of  water  will  be  T  —  ¿,  plus  the  latent  heat  I  that  corresponds  to  the  temperature  t, 
according  to  the  preceding  Table.     We  therefore  have  for  the  total  number  of  units 

n  =  (T  -  t  +  O  W  ; 
a  general  expression  which  gives  for  the  proposed  example 

n  =  (100°  -  10°  +  537)  x  25  =  15675  units. 

Second  example.  Mixture  of  steam  and  water. — A  certain  quantity  of  steam  being  brought 
into  contact  with  a  given  weight  of  cold  water  at  a  fixed  temperature,  and  sufficient  to  complete 
its  condensation,  find  the  temperature  of  the  mixture. 

I  Let  us  take  the  same  quantity  of  steam  as  in  the  foregoing  example,  added  to  W  =  200  kilo- 
grammes of  water,  at  a  temperature  t  =  15  degrees  ;  the  steam  being  represented  by  W  =  25 
kilogrammes  ;  T  =  100  degrees  ;  we  want  the  temperature  x  of  the  mixture. 

Solution. — The  total  mass,  or  the  weight  of  the  steam  added  to  that  of  the  water,  will  neces- 
sarily contain  the  sum  of  the  quantities  of  heat  possessed  by  each  ;  if,  then,  we  divide  that  sum 
by  the  entire  mass,  we  shall  have  the  temperature  x  demanded.     Consequently 

(T  +  QW+(fW). 

x -        w  +  w'       ;  L  J 

which  is  a  general  expression,  from  which  we  obtain,  as  answer  to  our  problem, 
_  (100°  +  537)  x  25*  +  (15-  x  200*)  _ 
X  -  25*  +  200*  ~  degrees. 

This  result  already  shows  that  it  is  necessary,  relatively,  to  use  very  considerable  volumes  of 
water  to  cause  a  body  of  steam  to  return  to  the  liquid  state,  and  in  order  that  after  the  conden- 
sation the  temperature  of  the  water  may  not  be  too  elevated. 

Third  example. — Let  us  reverse  the  proposition,  that  is  to  say,  find  what  quantity  of  water 
must  be  added  to  a  given  weight  of  steam  that  the  resulting  mixture  may  not  exceed  a  certain 
temperature. 

Let  W  =  15  kilogrammes,  the  weight  of  the  steam  ; 
T  =  150  degrees,  its  temperature  ; 
I    —  501,  its  latent  heat  (according  to  preceding  Table)  ; 
W  =  the  weight  of  water  required  ; 
t    =10  degrees,  its  temperature  ; 
V  =  25  degrees,  the  temperature  of  the  mixture. 

Solution. — By  simply  bearing  in  mind  that  t'  takes  the  place  of  x,  it  is  precisely  the  above 
formula  [I],  in  which  W  becomes  the  unknown  quantity.  Thus,  t'  W  +  f  W  =  (T  +  l)W+  if; 
whence  V^(T  +  /-QW 

This  last  expression  is  the  one  that  we  shall  meet  with  every  time  that  it  is  required  to  ascer- 
tain the  condensation  of  a  steam-engine  ;  we  therefore  invite  our  readers  to  give  it  due  consideration. 
As  regards  our  present  problem,  it  gives 

_,      (100  +  501  -  25)  x  15  ! 

W  = o-o  ~~ino       —  =  576  kilogrammes. 

That  is  to  say,  putting  it  in  general  terms,  that  in  order  that  the  condensation-water  shall  not 
exceed  25  degrees  of  temperature,  it  will  take  576  kilogrammes  of  cold  water  at  10  degrees  to 
destroy  25  kilogrammes  of  steam  at  150  degrees.  All  things  being  equal,  it  is,  moreover,  evident 
that  it  will  take  so  much  more  water  to  condense  steam,  that  the  temperature  of  the  water  is 
higher,  and  that  of  the  mixture  is  required  to  be  lower.  It  is  beyond  all  doubt  that,  under  certain 
circumstances,  it  is  impossible  to  achieve  the  direct  condensation  of  steam  in  engines  and  con- 
densing machines  for  want  of  a  sufficiently  large  volume  of  cold  water.  "We  shall  see  by-and-by 
that,  in  marine  engines,  the  condensation  is  often  imperfect  or  entirely  suspended,  not  for  want  of 
water,  since,  in  those  cases,  it  is  drawn  from  the  sea,  but  because  of  the  warmth  of  the  water, 
especially  under  the  tropics. 

Here  ends,  for  the  present,  what  we  had  to  say  concerning  latent  heat  ;  its  direct  application 
to  engines  will  render  sufficiently  intelligible  all  that  it  is  necessary  to  know  upon  the  subject. 

Sources  of  Heat.  Quantities  of  Meat  supplied  by  Fuel. — After  the  study  of  the  quantities  of 
heat  required  to  raise  the  temperature  of  bodies  and  produce  a  change  in  their  state,  we  come 
naturally  to  that  of  the  sources  of  heat  as  regards  the  quantities  that  they  are  able  to  furnish.  This 
forms  the  entire  question  of  the  economy  of  caloric  in  its  production  and  its  use. 

Science  teaches  us  that  the  combustion  of  a  body  is  the  chemical  combination  of  that  body  with 
oxygen,  a  phenomenon  which  is  accompanied  by  a  great  development  of  light  and  heat.  If  consi- 
dered from  this  point  of  view,  all  bodies  would  be  combustibles,  since  all  possess,  more  or  less,  the 
property  of  combining  with  oxygen  ;  but  all  do  not  offer,  at  the  moment  of  entering  into  com- 
bination, such  properties  as  qualify  them  for  fuel,  that  is  to  say,  a  total  disengagement  of  heat 
greater  than  that  required  to  produce  combustion,  that  combustion  going  on  even  independently 
of  the  focus  where  it  takes  place  ;  and  a  cost  price  of  the  material  itself  sufficiently  low.  But, 
quitting  generalities  and  basing  our  arguments  upon  a  few  examples,  we  will  observe  that  wood, 
coal,  hydrogen,  and  certain  other  substances  burn  almost  spontaneously,  or  at  least  complete  entirely 
their  combustion  from  the  moment  that  one  single  point  of  their  mass  has  attained  the  necessary 
degree  of  temperature.  Other  bodies,  such  as  metals,  that  combine  freely  with  oxygen,  cease 
burning  as  soon  as  they  are  withdrawn  from  the  focus  where  the  combination  is  effected  ;  focus 
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which  we  are  obliged,  in  consequence,  to  feed  with  some  other  body  more  readily  combustible. 
Combustible  bodies,  that  is  to  say,  such  as  are  used  in  manufacture,  are  not  very  numerous,  and 
comprise 

1.  Woods,  and  vegetable  matter  generally  ; 

2.  Coals,  both  vegetable  and  mineral  ; 

3.  Peat. 

These  are  the  substances  into  whose  composition  there  enters  the  greatest  amount  of  carbon 
and  hydrogen,  the  only  two  simple  bodies  which  possess,  independently,  all  the  requisite  properties 
for  the  phenomenon  of  combustion  in  its  application  to  manufacture,  and  the  quality,  therefore,  of 
being  excellent  combustibles.  Animal  substances,  such  as  flesh,  grease,  and  bone,  are  likewise 
highly  combustible  ;  but,  on  account  of  the  complexity  of  their  composition,  the  absorption  of  heat 
indispensable  to  the  separation  of  their  various  elements  at  the  moment  of  combustion  is  very  con- 
siderable, so  that  a  given  weight  of  animal  matter  does  not  furnish  so  large  an  amount  of  useful 
heat  as  combustibles  of  a  simpler  nature.  Besides  this,  there  are  sufficient  uses  for  animal  sub- 
stances without  employing  them  as  fuel,  though  it  has  sometimes  been  done. 

Our  examination  of  combustibles  can  only  be  very  brief,  our  object  being  merely  to  make  known 
what  quantities  of  heat  each  is  able  to  furnish  for  every  unity  of  weight. 

The  estimation  of  these  quantities  of  heat  is  entirely  based  upon  the  calorific  unity  already 
defined.  Thus  let  us  suppose  a  kilogramme  of  any  combustible  body  to  be  taken,  and  that 
it  be  found  that  the  heat  it  has  given  out  during  its  total  combustion  has  raised  the  temperature 
of  2000  kilogrammes  of  water  1  degree  ;  if  the  experiment  be  made  with  sufficient  precision  to 
satisfy  us  that  all  the  heat  thus  produced  has  been  absorbed  by  the  water,  we  then  say  that  the 
burning  of  1  kilogramme  of  that  combustible  has  supplied  2000  units  of  heat,  for  we  are  aware  that 
that  is  the  standard  whereby  we  should  measure  the  quantity  of  heat  necessary  to  cause  a  variation 
of  1  degree  in  the  temperature  of  2000  kilogrammes  of  water.  The  amount  of  heat  given  out,  so 
measured,  takes  the  name  of  calorific  power  of  the  combustible  whence  it  emanates;  and  very 
accurate  experiments  have  been  made  in  order  to  ascertain  thus  the  calorific  power  of  every  sub- 
stance. Those  experiments  have  shown  that  not  only  does  the  said  power  differ  with  different 
bodies,  but  it  also  varies  considerably  in  bodies  whose  composition  is  susceptible  of  change.  Thus 
the  combustibles  used  for  industrial  purposes,  being  substances  of  a  complex  nature,  are  all  pos- 
sessed of  that  peculiarity — a  variable  calorific  power.  For  instance,  woods,  being  of  a  kind,  are 
essentially  different  in  their  composition,  setting  aside  their  greater  or  less  degree  of  desiccation. 
The  several  sorts  of  coal,  though  variations  in  their  composition  are  not  so  great,  still  show  a  differ- 
ence. Even  charcoal,  one  of  the  purest  of  all  combustible  substances,  evinces  likewise  varieties, 
owing  to  its  more  or  less  perfect  preparation. 

Such  differences  should  be  considered,  however,  as  of  a  scientific  nature,  not  industrially  :  that 
is  to  say,  every  combustible  possesses  a  mean  calorific  power  which  is  all-sufficient  for'  the  purpose 
we  propose.  The  following  Table  is  a  summary  of  the  principal  substances  and  their  mean  power, 
to  which  we  have  added  the  calorific  powers  of  hydrogen  and  of  bicarbonate  of  hydrogen  or 
common  gas,  though  these  two  last  are  not  yet  considered  as  combustibles  in  an  industrial  sense. 

Table  of  the  Calorific  Powers  of  Combustibles  used  for  Industrial  Purposes. 


Names  of  Combustibles. 


Pure  hydrogen  (the  kilo.)      

„  (the  cub.  met.) 

Bicarburetted  hydrogen  (the  kilo.) 

„  „  (the  cub.  met.) 

Pure  carbon      

Charcoal  (mean)      

Wood  (very  dry)       

„     (ordinary  condition)  (mean) 

Coal  (mean)      

Coke  (to  0-15  of  cinders)        

Common  peat  (mean)      

Purified  colza  oil     

Alcohol,  at  42°  Beaumé 


Calorific  Power 

expressed  in 

units  of  Heat 

given  out  by  the 

Au 

thoritie. 

combustion  of 

1  kilogramme  of 

each  Substance. 

34162 

Favre  and  Silbermann. 

3057 

11857 

15117 

8080 

7000 

Pe'clet. 

3700 

Rumfort. 

2800 

7000 

Dulong. 

6000 

Pe'clet. 

3600 

9307 

Rumfort. 

6855 

Dulong. 

The  values  indicated  in  this  Table  represent  the  maximum  of  heat  for  each  corresponding  com- 
bustible ;  we  shall,  therefore,  term  them  the  theoretical  calorific  powers,  of  which  a  certain  amount  only 
can  be  utilized  in  practice.  See  Fuel.  It  must  not,  however,  be  taken  for  granted  that  these 
values  are  entirely  exempt  from  slight  errors  ;  the  diversity  of  the  results  obtained  by  equally  skilful 
experimentalists  proves  the  contrary  ;  and,  besides,  it  is  not  probable  that,  in  so  complicated  a 
phenomenon  as  that  of  the  combustion  of  a  body,  the  figures  obtained  can  be  always  the  same  and 
invariable.  But  these  differences  become  more  manifest  when  the  combustibles  are  employed  for 
industrial  purposes,  and  seem  to  banish  all  hope  of  our  being  able  to  rely  on  such  calorific 
powers  as  mathematically  correct,  since,  in  those  cases,  they  are  neither  prepared  nor  selected  with 
the  same  care  as  when  used  for  experiment  only.     These  values,  notwithstanding,  such  as  they 
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are,  may  be  of  undeniable  service,  and  this  we  shall  see  later.  Besides,  their  degree  of  approxi- 
mation is  generally  more  than  sufficient  for  all  practical  purposes.  Fresh  experiments,  however, 
would  perhaps  be  necessary  and  desirable,  on  account  of  certain  new  generators  wherein  the 
utilization  of  fuel  appears  to  be  increased  in  an  extraordinary  manner,  as  we  shall  have  occasion 
to  show  hereafter. 

The  figure  representing  the  calorific  power  of  a  combustible  plays  the  same  part  in  steam 
generators  as  does  the  measure  of  the  expenditure  of  water  in  hydraulic  motors  ;  in  both  cases  it 
is  evidently  the  point  upon  which  the  result  is  based  ;  therefore  is  it  very  important  that  there 
should  exist  no  uncertainty  regarding  it. 

Application  of  Calorific  Pov:er. — Before  occupying  ourselves  with  the  sources  of  heat,  we  first 
examined  the  interchanges  thereof  that  take  place  between  different  bodies,  and  then  the  amount 
of  caloric  requisite  to  increase  the  temperature  of  bodies  a  given  quantity  or  cause  their  change  of 
state.  Having  proceeded  thus  far,  we  are  now  prepared  to  calculate  the  amount  of  combustible 
necessary  to  be  expended  for  the  accomplishment  of  these  operations. 

We  must,  however,  make  one  important  remark,  namely,  that  what  we  seek  in  the  following 
examples  is  the  useful  quantities  of  heat,  that  is  to  say,  those  that  are  absolutely  necessary, 
regardless  of  what  is  lost,  and  of  the  excellence  of  the  focus  or  the  disposition  of  the  apparatus. 

Researches  respecting  the  Expenditure  of  Fuel  required  to  produce  a  given  Increase  of  Temperature. — 
First  example. — What  would  be  the  useful  quantity  of  charcoal  necessary  to  increase  the  tempe- 
rature of  100  kilogrammes  of  water  10  degrees  ? 

Solution. — Since  the  preceding  notions  indicate  in  what  manner  we  are  to  ascertain  the  quantity 
n  of  units  of  heat  to  be  supplied,  we  very  easily  find  that  the  weight  w  of  the  charcoal,  whose 

calorific  power  we  will  call  u,  is  w  =  —,     Granting,  according  to  the  preceding  Table,  that 

u  =  7000,  the  number  corresponding  to  common  charcoal,  we  then  have 

»  =  1-2^5  =  0-142. 

7000 

And  that  is,  effectually,  all  the  weight  of  coal  that  ought  to  be  expended  if  the  whole  heat 
produced  by  the  combustible  could  be  absorbed  by  the  water.  But  even  supposing  that  the 
vessel  that  contains  the  liquid,  and  the  focus,  being  previously  heated,  absorb  none  of  the  caloric, 
there  would  still  remain  other  losses  which  would  increase  in  a  notable  manner  the  above 
theoretical  quantity.     For  instance,  let  us  imagine  the  arrangements  to  be  such  that  0 : 6  of  the 

0  •  142 
heat  are  utilized,  we  should  then  burn,  in  reality,  =  0k  '  237  of  charcoal. 

O'o 

Second  example. — What  weight  of  coal  must  be  burnt  in  order  to  liquefy  50  kilogrammes  of 
ice  at  zero,  and  raise  it  to  a  temperature  of  100  degrees  ? 

Solution. — The  number  of  units  of  heat  n  to  be  supplied  being  (t  4-  V)  W,  we  have 
(100  +  79)  x  50       1k  1m    .       1 
•=_ Ted =  lk-177ofcoaL 

Evaporating  Power  of  a  given  Weight  of  Combustible. — What  weight  of  steam  at  a  temperature  of 
100  degrees  would  be  produced  by  the  useful  expenditure  of  1  kilogramme  of  coal,  supposing  the 
temperature  of  the  water,  before  heating,  to  be  15  degrees  ? 

This  is  the  most  important  problem  of  the  application  of  caloric  to  steam-engines  ;  it  is  the 
pivot,  as  we  shall  presently  see,  around  which  all  the  improvements  therein  that  have  hitherto 
been  conceived,  and  are  still  likely  to  be,  revolve. 

Solution. — It  has  already  been  seen  [H]  that  the  number  of  units  of  heat  necessary  to  a  certain 

weight  of  water,  in  order  to  convert  it  into  steam,  is  expressed  by  n  —  (T  —  t  -f  /)  W  ;    and  as 

that  number  of  units  must  be  equal  to  the  number  given  out  by  the  weight  w  of  the  proposed  fuel, 

whose  calorific  power  is  w,  we  have  w  u  =  (T  —  t  +  I)  W  ;  hence  the  required  weight  of  steam 

w  u  lk  x  7600 

'will  be  W  =   = — —  =  —TT —  ,   co_  =  12k-21  ;  which  amounts  to  this,  that 

T  —  t  +  I       100  —  15  4-  5d7 

1  kilogramme  of  coal  can,  theokettcally,  evaporate  about  12  kilogrammes  of  water,  whose  tempe- 
rature, before  the  application  of  heat,  was  15  degrees. 

If  we  had  supposed  the  steam  to  be  of  a  higher  temperature,  the  quantity  of  fuel  would  likewise 
have  been  slightly  increased,  but  only  slightly,  because  the  latent  heat,  which  is  more  considerable, 
varies  but  little,  and  inversely.  We  willgive  no  further  example,  as  this  last  will  suffice  as  the 
basis  for  all  future  discussions  upon  the  subject.  It  is  essential,  however,  that  we  should  make 
one  remark  with  regard  to  the  above  result  as  compared  with  those  obtained  in  practice. 

Generally  speaking,  a  good  generator  will  evaporate  7  kilogrammes  of  water  ;  very  often  it  is 
less  ;  but  sometimes  it  is  more,  and  even,  in  certain  cases,  it  has  almost  touched  the  theoretical 
figure  of  12  kilogrammes,  which  it  seems  very  difficult  to  attain,  if  ever.  By  the  aid  of  special 
arrangements,  however,  and  such  artifices,  for  instance,  as  activating  the  combustion  by  means  of 
an  additional  current  of  air,  and  so  completing  the  conversion  of  the  coal  into  carbonic  acid  and 
preventing  any  particle  of  matter  escaping  without  being  consumed  and  giving  up  its  contribution 
of  heat,  it  may  be  done.  This  is  what  is  called  consuming  the  smoke,  which  is  nothing  else,  for  the 
most  part,  but  unconsumed,  and  consequently  non-utilized  coal.  It  may  be  well  to  remind  our 
readers  that  the  number  7600,  which  indicates  in  the  preceding  Table  the  number  of  units  of  heat 
for  every  kilogramme  of  coal,  is  a  mean,  and  may,  consequently,  be  sometimes  exceeded.  To 
establish  absolute  limits,  we  will  suppose  that  pure  carbon  is  used,  furnishing  8000  units  of  heat, 
and  we  then  find  that  1  kilogramme  of  that  superior  fuel,  compared  with  coal,  yet  only  supplies 

12-21  x  8000       10.    .,    ,   , 
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We  have  given  no  examples  of  the  use  of  the  other  combustibles,  since  in  all  cases  the 
operation  would  be  evidently  identical  ;  it  is  simply  necessary  to  alter  the  value  of  w,  that  is,  of 
the  coefficient  of  calorific  power.  The  only  point  that  it  might  be  interesting  to  examine  is  the  cost 
of  the  unit  of  heat  with  each  different  combustible,  and  this  has  been  done  with  much  care  by  Péclet 
in  his  excellent  '  Treatise  on  Heat.'  But  it  is  to  be  remarked  that  the  use  of  such  or  such  a  com- 
bustible depends  much  less  upon  its  venal  value  than  upon  the  greater  or  less  facility  with  which  it 
can  be  procured  in  each  locality.  Thus,  some  countries  possessing  coal  and  comparatively  little 
wood,  like  England,  France,  and  Belgium,  usually  adopt  the  first  as  fuel,  it  being  also  the  one 
that  gives  out  the  most  heat  as  it  occupies  the  least  space,  and  is  capable  of  producing  a  more 
intense  increase  of  temperature  at  the  focus.  On  the  other  hand,  there  are  services,  such  as  the 
navy,  which  will  always  choose  the  richest  combustible  because  of  the  economy  of  space.  But  it 
also  sometimes  happens  that  a  manufacturing  establishment  possesses  some  fuel  emanating  from 
its  own  works,  and  therefore  at  its  disposal  almost  free  of  cost,  on  which  account  it  uses  it  without 
having  to  inquire  whether  it  is  more  or  less  rich  than  this  or  that  other.  Thus  it  is  that  we  see  saw- 
mills feeding  their  furnaces  with  sawdust  and  shavings,  tan-yards  using  their  tan,  and  the  sugar- 
refiners  of  the  colonies  the  peelings  of  the  dried  canes.  So  that  the  cost  of  the  unit  of  heat  could 
only  have  a  real  interest  in  such  an  event  as  all  the  combustibles  being  equally  accessible,  a 
circumstance  which,  we  may  safely  say,  never  takes  place. 

Mechanical  Properties  op  Steam.  Conditions  relating  to  the  Flow  and  Expenditure  of  Steam. — 
All  that  has  hitherto  been  seen  regarding  steam  may  be  considered  as  constituting  its  physical 
properties,  that  is  to  say,  those  natural  phenomena,  occasioned  by  the  intervention  of  heat,  which 
convert  a  body  into  a  gaseous  fluid  that  may  be  considered  as  such,  and  possessing  all  the 
characteristics  of  permanent  gases.  Like  unto  the  latter,  and  fluids  in  general,  steam  is  susceptible 
of  motions  and  effects  that  no  longer  arise  from  the  mutual  actions  of  the  ponderable  or  imponder- 
able elements  of  which  it  is  formed,  but  from  the  mechanical  efforts  to  which  it  may  be  subjected  or 
which  it  is  capable  itself  of  producing. 

If  we  adopt  water  as  our  standard  of  comparison,  we  observe  that  this  liquid,  independently  of 
its  physical  properties,  such  as  density,  calorific  capacity,  and  so  forth,  possesses  also  the  mechanical 
properties  due  to  the  action  of  gravity,  which  enable  it  to  be  considered  under  the  aspect  of  its 
motions,  the  velocity  it  can  acquire,  and  the  efforts  it  is  able  to  transmit  by  yielding  to  the  influence 
of  gravitation  and  of  its  own  substance.  The  same  thing  precisely  happens  with  steam,  and  gases 
in  general,  which  can  move,  acquire  velocity,  and,  finally,  exert  mechanical  efforts  by  virtue  of 
their  expansive  force,  which  here  takes  the  place  of  simple  gravity  in  a  liquid. 

We  propose,  therefore,  to  examine  steam  under  these  several  phases,  giving  to  our  investi- 
gations the  title  of  pneumodynamics. 

Flow  of  Steam  through  a  Narrow-edged  Orifice. — When  two  vessels,  containing  gases  of  unequal 
pressures,  are  made  to  communicate,  a  flow  of  gas  immediately  takes  place  from  the  vessel  where 
the  pressure  is  the  greatest  to  that  where  it  is  the  least  ;  precisely  as  it  would  occur  if,  instead  of 
gases,  the  two  vessels  held  liquids  of  different  densities  or  uneven  levels,  or  if  one  of  them  were 
entirely  empty. 

Gases,  like  liquids,  tend  towards  establishing  their  equilibrium,  then,  and  in  so  doing,  both 
follow  the  same  law. 

It  is  shown  that  the  flowing  of  a  fluid  through  an  orifice  bored  in  the  side  of  the  vase  contain- 
ing it,  and  below  the  free  surface,  depends,  as  regards  velocity  and  product,  upon  two  principal 
conditions— the  section  of  the  orifice  and  the  vertical  distance  between  its  centre  and  the  surface 
of  the  liquid ,  and  that  the  velocity  is  expressed  by  the  invariable  formula  v  =  v  2  g  h  (seö 
Hydraulics),  where  g  equals  9*8088,  and  represents  the  velocity  acquired  in  one  second  of  time 
by  a  body  falling  in  vacuum. 

It  is  also  shown  that  the  volume  of  water  flowing,  in  a  given  time,  is  the  product  of  thai 
velocity  by  the  section  of  the  orifice,  and  by  a  certain  coefficient  of  contraction. 

It  is  exactly  the  same  with  gases,  only  that  the  height  h  of  the  liquid  is  replaced  by  the 
expansive  force  of  the  gas.     Consequently    setting  aside  for  the  present  the  other  conditions  of 
the  problem,  let  us  see  what  the  value  of  h  would  be  in  the  case  of  a  gas.     For  this  purpose  we 
will  suppose  that  the  flow  takes  place  through  a  narrow-edged  orifice  which, 
by  its  contraction,   diminishes  the   expenditure,   but  without   altering  the  845 

velocity. 

Velocity  with  which  a  Gas  flows  from  a  Narrow-edged  Orifice. — Theory  and 
experiment  both  prove  that  the  velocity  of  an  elastic  fluid,  floicing  in  a  certain 
medium  and  through  a  narrow-edged  orifice,  is  the  same  as  that  which,  under  similar 
conditions,  would  be  possessed  by  a  NON-EL astic  fluid  of  equal  density  with  the  gas, 
but  which,  by  its  height  of  column  above  the  centre  of  the  orifice,  would  be  capable  of 
exerting  a  relatively  equal  pressure. 

To  render  this  theorem  fully  intelligible,  let  us  suppose  two  vases,  A  and  B, 
Fig.  845,  both  standing  in  the  same  medium,  the  atmosphere  for  instance,  the 
one  being  filled  with  a  liquid  and  the  other  with  a  gas,  under  the  following 
conditions:— 1st,  the  gas  in  the  vase  A  to  have  a  certain  pressure;  2nd,  the 
liquid  in  the  vase  B  to  be  of  the  same  density  (is  the  gas,  unconfincd,  and  having 
a  height  of  column  h  sufficient  to  press  the  bottom  of  the  vessel  B  with  an 
intensity  equal  to  the  pressure  exerted  by  the  gas  against  the  inner  sides  of 
the  vessel  A. 

These  conditions  being  satisfied,  if  a  small  orifice  a  be  opened  at  some  point  of  the  vase  A,  and 
another  b  at  the  lower  part  of  the  vase  B,  the  gas  and  the  liquid  will  both  begin  to  flow,  and  with 
the  same  velocity.  This  law  enables  us  to  work  out  a  first  problem  which  will  assist  us  in 
establishing  the  general  formula  applicable  to  our  present  requirements. 
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Let  it  be  proposed  to  ascertain  with  what  velocity  a  second  atmospheric  air,  at  a  temperature 
oí  0  degrees,  would  re-enter  a  perfect  vacuum  ;  we  lia  ve 

m 

Pressure  of  air  (in  cent,  of  mercury)        P  =    0  •  76 

Density      „  d  =    0-001299 

„        of  mercury d '  =  13 '598 

Pressure  of  medium  where  the  flow  takes  place    ..      ..  p  =    0*0 

Velocity  of  flow  in  a  second  of  time  v  =    \/  2g  h. 

It  will  be  seen,  in  accordance  with  the  preceding  theorem,  that  there  only  remains  to  ascertain 
h  to  complete  the  solution  of  the  problem.  Moreover,  we  know  that  that  height  must  be  equivalent 
to  a  column  of  liquid  of  the  same  density  as  air,  and  exerting  the  same  pressure  at  its  base, 
that  pressure  being  equal  to  the  difference  of  pressures  between  the  gas  and  the  medium  where 
the  flow  takes  place,  or  P  -  p.  But  here  p  being  a  vacuum,  and  consequently  equivalent  to  zero, 
the  pressure  P  —  p  is  exactly  equal  to  P,  and  corresponds  with  a  column  of  mercury  of  0,T1*76  :  the 
height  of  the  column  of  non-elastic  fluid  that  would  balance  it  is,  therefore,  in  the  inverse  ratio  of 
the  densities  of  the  fluid  and  the  mercury;  that  is  to  say, 

h  =  P  t  =  0»-76  X  ^IL  =  7955-7  mètres. 


d 


0-001299 


It  would  therefore  take  a  column  of  fluid  7955*  7  metres  in  height,  and  of  the  same  density  as 
the  air,  to  balance  a  column  of  0m*76of  mercury.  Consequently,  the  velocity  due  to  such  a  height 
will  be  v  =  Vî9'62  x  7955  '7  =  395  mètres,  the  answer  sought,  or  the  velocity  with  which  atmo- 
spheric air,  at  a  temperature  of  0  degrees,  would  re-enter  an  exhausted  vessel. 

In  cases  where  there  is  no  occasion  to  keep  account  of  the  changes  in  volume  and  density  caused 
by  temperature,  this  problem  offers  no  difficulty  ;  and  it  is  in  this  sense  that  we  shall  find  the 
means  of  applying  it  to  steam,  of  which  the  Tables  at  page  416  give  the  pressure  and  density  in 
relation  with  the  temperature,  which,  consequently,  may  be  omitted  from  the  foregoing  calcu- 
lation. 

The  general  formula  for  finding  the  velocity  of  a  gas  or  steam  is  therefore  the  following  : 


.=V 


2g(P-p) 


d' 


wherein  v  represents  the  required  velocity  in  a  second  of  time  ; 

g        „  the  intensity  of  gravitation,  equal  to  9  '  8088  ; 

P        „  the  absolute  pressure  of  the  gas  or  steam,  in  mètres  of  mercury  ; 

p        „  the  pressure  of  the  medium  where  the  flow  takes  place,  epxressed  in  the  same 

units. 
d'        „  the  density  of  mercury  compared  with  that-  of  water  and  equal  to  13*598  ; 

d         „  the  density  of  the  flowing  gas,  also  compared  with  that  of  water. 

By  introducing  the  fixed  quantities  into  the  preceding  general  formula,  we  first  of  all  get  the 

following  expression  : 

,y/2~x~9-8088  x  (P  -p)  x  13-598  . 
d 
which  may  be  simplified  by  obtaining  the  product  of  these  same  quantities,  till  it  finally  becomes 

<,_A/^66-76(P-ip). 
d 

If  the  pressure  P  —  p  were  expressed  in  atmospheres  and  fractions  of  atmospheres,  it  would  be 
necessary,  in  order  to  get  the  real  initial  height  in  mètres  of  mercury,  to  multiply  it  by  the  height 
of  mercury  that  balances  one  atmosphere. 

Thus  modified,  the  formula  would  be 


by  simplifying  as  before,  we  get 


x  0-76(P  -  p) 13-598 


v=^/  202-7376  (P-jj)  , 
d 

The  resultant  pressure  P  —  p,  constituting  the  initial  height  of 
the  effective  velocity  of  the  flow,  may  be  derived  from  direct  observa- 
tion, according  to  the  disposition  of  the  instrument  used  in  ascer- 
taining it.  That  instrument  would  be  the  Air  Manometer,  or  diffe- 
rential indicator  of  pressure,  which  may  be  used  to  measure  the 
elastic  force  of  a  gas  or  steam  in  relation  to  a  certain  ambient 
medium. 

Let  us  suppose  a  vessel  A,  Fig.  846,  to  enclose  some  aeriform 
fluid,  at  a  higher  pressure  than  that  of  the  medium  in  which  it  is 
placed.  If  we  attach  to  it  a  tube  B  containing  mercury,  bent  in  the 
shape  of  the  letter  U,  with  its  shorter  branch  communicating  with 
the  interior  of  the  vessel,  while  its  longer  one  is  left  open  at  the  top, 
the  internal  pressure,  acting  upon  the  mercury,  will  cause  it  to  rise 

in  the  open  branch.  To  find  the  conditions  of  equilibrium  of  the  mercury,  when  it  is  thus 
displaced,  it  will  be  sufficient  to  draw  a  horizontal  line  S  L  through  the  summit  of  the  lower 
column,  and  then  examine  the  nature  of  the  pressure  to  which  the  mercury  is  subjected  at  every 

2  d  2 
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point  of  that  line.  In  the  longer  branch  it  is  equal  to  the  pressure  of  the  ambient  medium, 
plus  the  height  h  to  which  the  mercury  has  been  raised  in  the  tube  ;  and  as  it  must  be  the  same 
in  the  shorter  branch,  and  is  due  entirely  to  the  pressure  in  the  reservoir  A,  we  conclude  that  that 
pressure  is  equal  to  the  external  pressure,  plus  the  height  h  of  the  mercury.  Consequently,  that 
height  is  precisely  equal  to  the  difference  of  the  two  pressures,  and  is  none  other  than  P  —  p, 
which  figures  in  the  preceding  calculation. 

For  the  future,  therefore,  every  initial  pressure  of  the  velocity  of  a  flow  will  be  represented  in 
our  operations  by  a  column  h  of  mercury,  observed  in  strict  accordance  with  the  foregoing  method. 
It  is  that  pressure  which,  estimated  in  mètres,  must  be  multiplied  by  the  ratio  of  the  density  of 
the  mercury  to  that  of  the  fluid  under  consideration,  in  order  to  obtain  the  real  height  which 
becomes  the  initial  of  the  velocity  with  which  the  fluid  flows. 

Problems  relating  to  the  Flow  of  Steam  through  Narrow-edged  Orifices. — Let  us  propose  to  find  the 
velocity  with  which  steam  would  flow  in  a  medium  of  determinate  pressure. 

First  example. — Find  the  velocity  with  which  steam  would  flow  through  a  narrow-edged 
orifice  into  the  open  air  under  a  pressure  of  3  atmospheres. 

Solution.— Steam,  under  a  pressure  of  3  atmospheres,  is  represented  by  a  column  of  mercury 
of  P  =  0-76  x  3  =  2m-28;  and  the  Table  at  page  405  indicates  that  its  density  is  d  -  0-001615. 
On  the  other  hand,  if  the  pressure  of  the  ambient  medium  is  0  ■  76,  the  required  velocity  will  be 

v  =  y/ jge-76  x  (2-28^76)  =  502 
0-001615 

Second  example. — Find  the  velocity  with  which  steam  flows  at  a  pressure  of  5  atmospheres, 
difference  of  pressure  between  the  reservoir  and  the  medium  in  which  the  flow  takes  place  being 
measured  by  a  column  of  mercury  =  0m  -  45. 

Solution. — We  have  P  -  p  =  0*45;  and  d'  =  0*0025763,  according  to  the  same  Table; 
whence 

p=Vrgg-76x0-45  =  216mfetreB 
0-0025763 

Third  example. — Find  the  velocity  of  steam  under  a  pressure  of  3  "75  atmospheres,  the  pres- 
sure of  the  medium  in  which  it  flows  being  1  ■  80  atmosphere. 

Solution. — By  the  same  Table  to  which  we  have  referred  in  the  two  preceding  examples,  we 
find  that  the  density  of  steam  at  3*5  and  4  atmospheres  is  0*0018589  and  0-0020997  respectively; 
therefore,  the  density  of  steam  at  3 '75  must  apparently  be  a  mean  between  these  two  numbers  ; 
that  is, 

d,  =  0-0018589  + 0-0020997  =  0.0019m 

A 

The  pressure,  expressed  in  atmospheres,  will  this  time  be 

P  -p  =  3-75  -  1-80  =  1-95. 
Consequently,  by  a  suitable  adaptation  of  the  foregoing  formula,  we  have 

«       a/  202-7376  x  1-95        .._     K. 
V  =  V         0-0019793—  =  447  metreS- 

The  above  examples  being  sufficient  to  illustrate  the  application  of  the  rule,  we  will  not  add 
any  more  ;  but  merely  make  a  few  remarks  called  forth  by  the  rule  itself. 

The  arrangement  of  the  formula  shows  the  general  mode  in  which  gases  flow,  and  further 
points  out  that, 

1st.  The  velocities  are  proportional  to  the  square  roots  of  the  effective  pressures  ;  that  is  to  say,  to 
the  excess  of  pressure  that  causes  the  flow  ; 

2nd.   They  are  inversely  as  the  square  roots  of  the  densities. 

From  which  we  conclude,  in  addition,  that  when  a  gas  is  compressed  whose  density  is  propor- 
tional to  the  pressure  it  bears,  with  an  even  temperature,  the  velocities  are  always  equal,  whatever 
may  be  the  degree  of  compression. 

With  regard  to  steam  having  a  maximum  of  elasticity  whose  density  is  not  proportional  to  the 
expansion,  there  exists,  however,  a  limit  where  the  velocity  of  the  flow  ceases  to  increase  with  the 
pressure. 

For  instance,  let  us  suppose  two  currents  of  steam  flowing  into  the  atmosphere,  the  one  with  an 
expansive  force  of  5  atmospheres,  the  other  of  10,  and  whose  densities,  according  to  the  Table, 
page  405,  are  0-0025763  and  0-0048226  respectively,  and  endeavour  to  find  their  corresponding 
velocities.    We  have,  

T?     r    i.         i                      a/  202 -7376  x  (5  -  1)      KOQ     v. 
For  5  atmospheres,      v  =    v     --— —    _^   ■  =  562  metres  ; 


■d     in    i         i                       A/202-7376  x  (10  -  1)       C1K     *. 
For  10  atmospheres,      v  =  V nriÂôaaâ =  015  metres. 

That  is,  a  difference  of  only  53  mètres  in  velocity  for  a  difference  of  expansion  of  5  atmosphères. 

Tables  and  Graphic  Tracing  in  Reference  to  the  Flow  of  Steam. — The  solution  of  such  problems  as 
those  we  have  just  been  examining  always  requires  a  special  aptitude,  and  too  much  time  for 
ordinary  practitioners,  as  a  rule,  to  turn  them  to  their  fullest  account;  moreover,  there  are  inte- 
rests of  another  order  involved,  and  not  less  important,  that  render  it  imperative  not  to  trust  to  the 
uncertain  results  of  direct  calculation:  a  manufacturer,  on  the  contrary,  needs  reliable  informa- 
tion, such  as  can  alone  emanate  from  the  labours  of  the  man  of  science,  in  the  quiet  seclusion  of 
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his  own  study,  and  away  from  every  other  preoccupation.  That  is  why  tables  are  of  such  unde- 
niable utility,  by  enabling  the  solution  of  a  proposed  question  promptly  and  with  certitude  ;  for  the 
figures  we  borrow  from  them  form  part  of  a  series  in  regular  progression,  whose  terms  verify  one 
another,  so  to  speak,  by  their  simple  connection.  Therefore  we  have  always  endeavoured,  as  much 
as  possible,  to  make  them  accompany  the  practical  rules,  in  order  to  simplify  calculations  and 
ensure  correct  results. 

It  is  with  this  view  that  we  produce  the  two  following  Tables  of  the  velocity  of  steam  under 
the  circumstances  most  generally  met  with  in  practice.  These  two  Tables,  which  may  be  readily 
made  by  means  of  the  foregoing  rules,  are  taken  from  that  excellent  work,  'The  Locomotive 
Driver's  Guide,'  by  MM.  Flachat  and  Petiet.  The  first  relates  to  the  flowing  of  steam  in  the 
open  air,  under  pressures  varying  from  5  to  1  •  01  atmospheres  ;  together  with  its  density,  or  weight 
of  a  cubic  mètre  for  each  pressure.  The  second  Table  gives  the  velocity  of  steam  under  pressures 
of  5,  4,  and  3  atmospheres,  in  media  whose  pressures  vary  from  4  •  95  to  1  •  25  atmospheres,  while 
one  column  is  reserved  for  the  effective  pressure  exerted  by  the  steam  upon  every  square  mètre  of 
surface.  This  pressure  is  evidently  the  same  in  the  three  cases  where  the  resisting  pressure  is 
the  same,  since  the  differences  also  are  identical.  Consequently,  these  two  Tables  complete  the 
series.  Afterwards  we  shall  give  a  graphic  tracing,  whereby  the  same  problems  may  likewise  be 
solved.  In  all  cases  the  flow  is  supposed  to  take  place  from  a  narrow-edged  orifice  ;  for,  were  its 
thickness  considerable,  and  comparable  to  the  development  of  a  tube,  the  velocity  would  be 
altered.    We  shall  have  occasion 'to  allude  to  this  view  of  the  subject  presently. 

Table  I. — The  Yelocity  with  which  Steam  escapes  into  the  Atmosphère  under 

DIFFERENT   PRESSURES. 


Absolute 
Pressure 

Weight  of  a 

Velocity- 

Absolute 
Pressure 

Weight  of  a 

Velocity- 

Absolute 
Pressure 

Weight  of  a 

Velocity 

of  the 
Steam. 

Cubic  Mètre. 

Second. 

of  the 
Steam. 

Cubic  Mètre. 

Second. 

of  the 
Steam. 

Cubic  Mètre. 

in  a 

Second. 

5-00 

2-568 

562 

1-75 

0-984 

394 

1-12 

0-674 

194 

4-75 

2-457 

554 

1-60 

0-900 

368 

1-10 

0 

636 

178 

4-50 

2-334 

549 

1-50 

0-854 

343 

1-09 

0 

630 

170 

4-25 

2-217 

546 

1-45 

0-830 

331 

1-08 

0 

626 

161 

4-00 

2-096 

537  . 

1-40 

0-800 

318 

1-07 

0 

622 

151 

3-75 

1-972 

530 

1-35 

0-778 

302 

1-06 

0 

619 

140 

3-50 

1-855 

520 

1-30 

0-750 

285 

1-05 

0 

610 

129 

3-25 

1-734 

512 

1-25 

0-722 

265 

1-04 

0 

607 

116 

3-00 

1-611 

502 

1-22 

0-705 

252 

103 

0 

601 

101 

2-75 

1-487 

488 

1-20 

0-698 

242 

1-02 

0 

598 

83 

2-50 

1-363 

472     1 

!     1-18 

0-681 

232 

101 

0 

595 

58 

2-25 

1-238 

451     i 

1-16 

0-670 

220     ; 

1-00 

0 

590 

0 

2-00 

1111 

427 

¡ 

114 

0-658 

213     | 

" 

Table  II. — The  Velocity  with 

which  Steam 

ESCAPES   INTO 

Media  of  different  Pressures. 

Steam 

at  5  Atmospheres 

Steam 

at  4  Atmosphères 

Steam 

AT  3   AtMOSP 

ïEEES 

Absolute. 

Absolute. 

Absolute. 

Pressur 

in  the 

Receiver. 

Effective 

Velocity 

Pressure 

in  the 
Receiver. 

Effective 

Velocity 

Effective 

Velocity 

Pressure  in 

in  Metres 

Pressure  in 

in  Mètres 

in  the 
Receiver. 

Pressure  in 

in  Mètres 

kilos,  on  every 
Square  Mètre. 

in  one 
Second. 

kilos,  on  every 
Square  Mètre. 

in  one 
Second. 

kilos,  on  every 
Square  Mètre. 

in  one 
Second. 

4-95 

517 

63 

3-95 

517 

69 

2-95 

517 

79 

4-90 

1034 

89 

3-90 

1 

•034 

97 

2 

90 

1 

034 

112 

4-85 

1-550 

108 

3-85 

1 

•550 

120 

2 

85 

1 

550 

137 

4-80 

2-067 

125 

380 

2 

067 

139 

2 

80 

2 

067 

158 

4-75 

2-584 

140 

3-75 

2 

584 

155 

2 

75 

2 

584 

178 

4*65 

3-618 

166 

3-65 

3 

618 

184 

2 

65 

3 

618 

210 

4-55 

4-651 

188 

3-55 

4 

651 

209 

2 

55 

4 

651 

238 

4-50 

5-168 

198 

3-50 

5 

168 

220 

2 

50 

5 

168 

251 

4-25 

7-752 

242 

3-25 

7 

752 

269 

2 

25 

7 

752 

307 

4-00 

10-336 

281 

3-00 

10 

336 

311 

2 

00 

10 

336 

355 

3-75 

12-920 

314 

2-75 

12 

920 

347 

1 

75 

12 

920 

396 

3-50 

15*504 

344 

2-50 

15 

504 

380 

1 

50 

15 

504 

423 

3-25 

18-088 

371 

2-25 

18 

088 

411 

1 

25 

18 

088 

469 

3-00 

20-672 

396 

2-00 

20 

672 

439 

. 

.. 

2-75 

23-256 

421 

1-75 

23- 

256 

466 

2-50 

25-840 

444 

1-50 

25 

840 

491 

. 

2-25 

28-424 

465 

1-25 

28-424 

515 

Graphic  Tracing. — The  method  of  tracing  which  we  are  now  going  to  explain,  and  whereby  the 
velocity  of  gases  through  narrow-edg^d  orifices  may  be  ascertained,  is  extensively  employed  by 
French  engineers,  and  is  analagous  to  the  rule  they  apply  for  the  purpose  of  estimating  the  expen- 
diture of  water  through  orifices  with  a  load  upon  the  centre. 
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This  one,  Fig.  847,  is  so  arranged  as  to  give  the  maximum  velocity  of  gases  having  densities, 
compared  with  that  of  water,  which  vary  from  0  ■  0005  to  0  ■  005,  and  relative  pressures  from  0  to 
5  atmospheres.     A  series  of  right  lines,  starting  from  the  point  D,  corresponds,  for  the  curve  A  E, 
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to  pressures  varying  from  1  to  5  atmospheres,  and,  for  the  curve  A  F,  from  0  ■  1  to  1  atmosphere. 
Another  series  of  vertical  lines,  including  A  B,  represents  the  densities  from  0  ■  0005  to  0  ■  005.  The 
upper  scale  B  C  expresses  the  velocities  in  large  divisions  of  100  mètres. 

Use  of  the  Tracing. — Find  the  intersection  of  the  vertical,  indicating  the  density,  with  the 
oblique,  corresponding  to  the  relative  pressure  P  -  p,  and,  from  the  point  of  intersection,  follow 
the  horizontal  line  till  it  meets  the  curve  ;  from  this  second  point  draw  a  vertical  line  which  project 
till  it  reaches  the  scale  B  C,  and  you  have  the  velocity  required.  For  instance,  we  want  the 
velocity  of  a  gas  whose  density  is  0  ■  0009,  and  whose  relative  pressure  is  4  atmospheres.  We  look 
for  the  intersection  a  of  the  vertical  line  0*0009  with  the  oblique  line  4D,  and  from  that  inter- 
section we  follow  the  horizontal  line  till  it  meets  the  curve  A  E  at  b  ;  then,  by  raising  a  vertical 
line  from  this  last  point  to  the  scale  B  0,  we  then  obtain  an  approximate  reading  of  940  mètres, 
which  is  the  velocity  sought.     By  strict  calculation  it  would  be  943  mètres. 

To  give  an  example  of  the  use  of  the  second  curve,  let  us  try  to  find  the  velocity  of  a  gas  whose 
density  is  0  ■  002,  with  a  relative  pressure  of  0  •  7  atmosphere.  The  process  is  exactly  the  same. 
The  intersection  c,  of  the  oblique  0  *  7  D,  with  the  vertical  corresponding  to  the  number  0  ■  002, 
gives  the  horizontal  dotted  line  c  d,  which  cuts  the  curve  A  F  at  d;  by  producing  a  vertical  from 
this  point  on  to  the  scale  above,  as  before,  we  find  about  2G5  metres  as  the  required  velocity. 
Mathematically  it  would  be  206  mètres. 

These  slight  differences  between  the  quantities  found  by  calculation  and  those  obtained  by 
means  of  the  diagram  do  not  arise  from  any  want  of  accuracy  of  principle  in  the  latter,  but  solely 
from  difficulties  of  execution,  it  being  impossible  to  complete  the  subdivision  of  the  scales  ;  but  by 
enlarging  the  tracing,  this  obstacle  may  be  lessened  or  removed,  and  the  result  becomes  propor- 
tionately more  correct. 

It  would  be  precisely  the  same  thing  for  any  value  not  indicated  in  this  diagram  ;  all  that  is 
required  is  to  suppose  the  line  A  B,  as  base,  divided  into  quantities  proportional  to  every  inter- 
mediate pressure  between  0  and  5  atmospheres,  with  oblique  lines  running  from  the  several  points 
to  the  point  D.  As  regards  the  series  of  verticals  of  density,  the  same  principle  may  be  carried 
out,  by  imagining  intervening  lines  at  distances  inverse  to  their  values,  for  such  densities  as  are 
not  comprised  in  the  diagram. 

Velocity  of  (Has  flowing  through  a  Pipe. — Hitherto  we  have  only  considered  the  velocity  of  gas 
flowing  through  a  narrow-edged  orifice,  where  the  friction  is,  consequently,  insufficient  to  produce 
any  noticeable  effect  ;  but  when  a  gas  passes  through  a  pipe  of  a  certain  length,  the  case  Is  very 
different.  Then  its  velocity,  as  it  leaves  the  pipe,  is  less  than  that  which  would  be  due  to  the 
initial  pressure  in  the  reservoir,  or  to  its  excess  of  pressure  P  -  p  over  that  of  the  medium  into 
which  it  flows.  There  must  have  been,  therefore,  a  loss  of  force  occasioned  by  the  resistance  of 
the  pipe  to  the  motion  of  the  gas.  The  learned  D'Aubuisson  found  that  resistance  subject  to  the 
following  laws  :— 

1st.    The  resistance  is  proportional  to  the  length  of  pipe 

2nd.  It  increases  will)  the  square  of  the  velocity; 

3rd.   It  is  in  the  inverse  ratio  of  the  diameter. 
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Let  us,  consequently,  call 

P,  the  pressure  within  the  reservoir,  or  its  excess  h  over  that  of  the  medium  where  the 

flow  takes  place,  expressed  in  mètres  of  mercury  ; 
p,    the  initial  height  of  the  effective  velocity  with  which  the  gas  escapes  at  the  end  of  the 

pipe  ;  that  height  likewise  expressed  in  mètres  of  mercury  • 
v,    the  effective  velocity  ; 
L,  the  length  of  the  pipe  in  mètres  ; 
D,  its  diameter,  also  in  mètres  ; 
D',  its  diameter  at  the  extremity,  or  that  of  the  aperture  whence  the  flow  takes  place,  the 

pipe  being  supposed  to  terminate  with  a  conical  converging  ajutage 
k,    an  experimental  coefficient. 

We  then  have,  according  to  D'Aubuisson,  the  following  relations  : 

The  mean  velocity  u  of  the  flow  throughout  the  whole  length  of  the  pipe  will  be  evidently 
equal  to  its  effective  velocity  v  on  leaving  the  ajutage,  multiplied  by  the  inverse  ratio  of  the 

D'2  J)<4 

squares  of  the  diameters  D  and  D',  that  is  to  say,  u  =  v  x  -=^  >'  an^ 


D2  '  D 


But  the  velocity  v  is  represented  by  v  =  V  2gpi  whence  v2  =  2gp,  and  p  =  — — ,  p  being,  as 

¿  g 
we  have  said,  the  initial  height  h  of  the  velocity  with  which  the  gas  escapes  from  the  pipe.     On 
the  other  hand,  considering  that  the  force  absorbed  by  the  resistance  of  the  pipe  has  resulted  in 
the  reduction  of  the  pressure  from  P  to  little  p,  that  force  will  be  expressed  by  P  -  p  ;  so  that, 

from  what  precedes,  we  get  the  following  equation  :  P  -  p  =  k  — —  .     But  the  foregoing  relations 

v2  v2  D'4 

give  p  —  -¿r—  ,  and   u2  —  -^r~  >   substituting,  therefore,  these  values  for  p  and  w2,  we  obtain 
2  g  D 

v2  Lu2D'4 

P  — k  — =rr —  ,  whence,  extracting  at  once  the  value  of  v.  we  get 

2  a  D0 


/  2gPD»  rK-, 

A/   A2^LD'4  +  D5   '  L    J 


This  value,  therefore,  is  that  of  the  real  velocity  with  which  the  gas  escapes  (setting  aside  its 
density  for  the  moment),  after  traversing  the  whole  length  of  the  pipe,  and  issuing  from  a  con- 
tracted orifice  of  the  diameter  D'. 

If  the  contracted  orifice  of  the  ajutage  were  equal  in  diameter  to  the  pipe,  we  should  have 
D'  =  D,  and  the  formula  would  be  modified  as  follows  : 


/      2  q  P  D  rT  _ 

C=VWHD  [L] 

As  to  the  value  of  the  coefficient  k,  it  is  deduced  from  D'Aubuisson's  experiments,  who  ascer- 
tained that  of  an  experimental  number  n,  whose  mean  was  0  '  0238,  in  which  2  g  enters  as  factor. 

O ■ 09^8 
Consequently,  by  performing  the  division  we  have  =  0  ■  0012,  which  number  becomes  the 

value  of  the  coefficient  k.  It  is  evident  that  this  result  is  very  liable  to  change  according  to  the 
nature  or  state  of  the  surface  over  which  the  gas  has  to  pass.  D'Aubuisson  obtained  it  by  making 
atmospheric  air  pass  through  tin  tubes,  which  must  have  offered  but  little  resistance  compared  with 
cast-iron  pipes,  whose  surfaces  are  usually  rough.  It  becomes  then  a  matter  of  option  eitber  to 
adopt  this  value  in  the  above  equations,  or  else  to  substitute  in  the  denominator  the  constant 
number  0*0238  for  the  factor  k2g,  whereby  the  final  values  will  be  in  no  way  changed. 

To  end  this  subject  and  give  a  few  examples,  we  will  now  complete  the  formulas  by  applying 
the  multiplier  relative  to  the  densities.  The  velocities  represented  by  those  formulas,  such  as  we 
have, defined  them,  are  those  tbat  would  correspond  to  heights  of  manometrical  pressure;  that  is  to 
say,  expressed  by  columns  of  mercury.  In  order  to  obtain  the  velocities  of  gases  having  the  cor- 
responding pressures,  it  is  sufficient  to  multiply,  as  before,  the  two  terms  beneath  the  radical  by 
the  ratio  of  the  densities  of  the  mercury  and  the  gas  under  consideration.  By  again  representing 
the  density  of  the  mercury  by  d'  and  that  of  the  gas  by  d,  we  have 

v  =  V        2?PDi  T-.    A/~266-76PD«  M 

¿2i/LD'4-f-D5   d  (0-0238LD'4+D5)<*  L    J 

for  the  first  formula  [K],  where  the  diameter  of  the  orifice  from  which  the  gas  flows  is  supposed  to 
be  different  from  that  of  the  pipe.  And  for  the  second  formula  [L],  where  the  diameters  are  equal, 

(0-0238 L  +  D)  d  L 

It  may  be  useful,  however,  to  observe  that,  in  the  latter  case,  the  coefficient  ought  perhaps  to 
be  modified,  since  it  was  obtained  by  means  of  pipes  with  a  contracted  end.  But  the  error  com- 
mitted by  leaving  it  as  it  is  would  be  of  very  little  importance,  considering  that  in  practice  the 
departure  from  theoretical  results  is  generally  far  greater. 

Problems  relating  to  the  Passage  of  a  Gas  through  a  Pipe. — Let  us  endeavour  successively  to  fiiul 
with  what  velocity  both  air  and  st  m  would  flow,  under  the  two  separate  conditions  :  — 1st,  where 
the  pipe  is  terminated  by  a  conical  ajutage,  diminishing  the  diameter  where  the  gases  escape; 
2nd,  where  the  diameter  is  the  same  throughout. 
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First  example. — Find  tlie  velocity  with  which  air  flows  through  a  pipe  having  an  ajutage,  with 
the  following  data  : — 

Pressure  or  height  h  at  the  commencement  of  the  pipe   . .  P  =  0  •  10  mètres. 

Length  of  pipe        L  =  60  „ 

Diameter  of  pipe D  =  0-20      „ 

Diameter  of  orifice  where  it  escapes D'  =  0  •  05       „ 

Supposed  density  of  the  air  (according  to  its  temperature)  d  =  0  ■  0013  „ 

Solution.  Formula  [M]. — Admitting  that  the  state  of  the  pipe  admits  of  the  application  of  the 
coefficient  given  by  D'Aubuisson,  we  find 

v  =  V 2GC-76X  0-10  x  0-20° =  U0-9  mètres. 


(o0238  x  60  x  0054+0  20°)  x  0-0013 


If  the  velocity  were  not  affected  by  friction  with  the  pipe,  it  would  be  the  same  as  that  due 
directly  to  the  pressure  0  ■  10,  according  to  the  foregoing  rules,  and  equal  to  144  mètres.  There  is, 
then,  a  loss  of  rather  more  than  3  mètres,  which  is  very  little.  But  that  is  because  we  have  sup- 
posed the  orifice  where  the  gas  escapes  to  be  much  smaller  in  diameter  than  the  pipe,  whereby  the 
velocity  is  lessened  in  proportion.  For,  the  diameters  being  respectively  20  and  5  centimètres,  the 
mean  velocity  u  within  the  pipe  will  only  be  -^th  (square  of  the  ratio  of  the  diameters)  what  it  is 
on  leaving  it,  barring  a  correction  on  account  of  the  contraction  of  the  orifice,  and  whose  coefficient 
is  equal  to  about  0  ■  93  ;  let 

vD'0-93       140-9  x  0-0025  x  0-8649       „  Bn      Vi 
u  =  -^-  = ^04 =  7-61  metres. 

So  that  the  loss  due  to  friction  is  extremely  small. 

Second  example. — Find  the  velocity  of  the  flow  under  the  same  conditions  as  above,  with  the 
exception  that  the  pipe  is  supposed  to  be  completely  open  at  the  end  ;  so  that  we  have  D'  =  D. 

Solution. — By  adapting  the  formula  [N]  to  suit  the  case,  we  have 

A/         266-76  xO-10  x  0-20  -n  ,     ..- 

V  =  V  (0-0238  x  60  + 0-20)  x  0-0013  =  5°  4  mctre8" 

It  will  be  perceived,  in  this  instance,  that  the  velocity  is  notably  altered  ;  but  it  must  also  be 
observed  that  that  has  been  its  mean  velocity  throughout  its  entire  course. 

Third  example. — Find  with  what  velocity  steam  would  be  discharged  through  a  pipe  into  the 
ambient  air,  with  a  pressure  of  4  atmospheres,  under  the  following  conditions  : 

Effective  pressure  of  the  steam  (3  atmospheres),  or . .  P  =  2  •  28  mètres. 

Density d  -  0-0021    „ 

Length  of  pipe      L  =  25         *  „ 

Uniform  diameter  of  pipe D  =  0  •  12        „ 

Solution.  Formula  [N].— The  mean  velocity  within  the  pipe,  as  well  as  that  with  which  the 
steam  escapes,  are  apparently  equal  to 


y/~  - 


v  =  V  — -         --  =220-6  mètres. 

(0-0238  x  25  +  0-12)  x  0-0021 


Had  the  velocity  not  been  altered,  we  should  have  had 

538  mètres. 


^/ 266-76  x  2-28 


0-0021 

The  change  in  the  velocity  is,  therefore,  very  considerable  ;  but,  as  the  velocity  is  also  great, 
the  result  is  simply  .in  conformity  with  the  theory  according  to  which  the  force  absorbed  by  friction 
increases  as  the  square  of  the  velocity. 

Fourth  example. — Let  us  take  the  same  data  as  before,  but  with  a  diameter  of  pipe  of  20  centi- 
mètres instead  of  12,  so  as  to  see  what  effect  it  will  have. 

Solution. — Using  the  same  formula,  we  have 

,  =  \/~™*?*  x^28j<^WZ_  =  268  mòtres> 
(0  0238  x  25  +  0-20)  x  0-0021  ' 

in  lieu  of  220m-6  with  a  pipe  0m12  in  diameter,  and  about  half  the  maximum  velocity  538  due  to 
the  relative  pressure  of  the  steam  if  no  friction  existed. 

Volumes  of  Ste<im  that  are  discharged  through  simple  Orifices  and  Pipes. — It  is  clear  that  the  only 
difficulty  in  the  way  of  solving  the  question  of  the  expenditure  of  gases  and  steam,  was  the  ascer- 
taining its  velocity.  As  to  the  volumes  discharged,  they  are,  as  in  the  case  of  incompressible 
fluids,  the  product  of  that  velocity  by  the  section  of  the  orifice,  and  by  a  coefficient  of  contraction 
determined  by  experiment.  Consequently,  the  latter  part  of  the  problem  may  be  considered 
simply  as  a  remark,  having  reference  principally  to  the  coefficient  of  contraction  that  ought  to  be 
adopted. 

Coefficients  of  Contraction. — D'Aubuisson  found  that,  as  in  the  case  of  incompressible  fluids,  the 
coefficients  of  contraction  m  applicable  to  the  expenditure  of  gases  had  the  following  values  : 

For  a  narrow-edged  orifice        0  •  65 

For  a  short  cylindrical  ajutage        0  •  93 

For  a  short  ajutage,  but  slightly  tapering     ..     0-95 
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To  obtain  the  real  expenditure  it  suffices,  therefore,  to  multiply  the  theoretical  product  by  one 
of  the  above  values,  according  to  the  nature  of  the  case. 

First  example. — A  certain  gas  flows  through  a  narrow-edged  orifice  5  centimètres  in  diameter 
with  a  velocity  equal  to  150  mètres  a  second  ;  find  the  total  volume  Q  discharged  in  a  minute. 

«  ;  ,.         ^    n    ,  ~      (FÖl^x  jWx  150  x  60x0-65      „âm     n.       Vi 
Solution. — We  find  Q  =  — —^— =  11*486  cubic  metres. 

Second  example. — The  orifice  of  the  supply-pipe  being  rectangular  and  measuring  20  centi- 
mètres by  3,  and  open  in  full  during  a  reduced  time  of  0  •  5  of  a  second,  what  volume  of  steam 
would  enter  the  cylinder  of  an  engine,  supposing  the  pressure  and  density  to  correspond  to  a 
velocity  equal  to  300  mètres? 

Solution.— We  have  0*03  x  0  20  =  0s  m-  006  for  the  surface  of  the  orifice.  If  we  take  09  as 
the  coefficient,  then  Q  =  0-006  x  300m  x0-5x0'9  =  0-810  cubic  mètres. 

As  regards  the  expenditure  through  a  pipe,  we  may  observe  that,  in  the  case  of  a  narrow 
ajutage,  the  coefficient  0*93  may  be  used;  but  it  is  to  be  dispensed  with  when  the  pipe  is 
cylindrical.     The  operation  is  reduced,  therefore,  to  precisely  the  same  terms  as  before. 

Note  relating  to  the  finding  the  Diameter  of  a  Pipe  where  the  Flow  is  to  take  place  under  certain  Fixed 
Conditions. — Generally  speaking  it  is  not  a  difficult  problem  to  ascertain  what  ought  to  be  the 
dimensions  of  an  orifice  in  order  to  satisfy  certain  definite  conditions  ;  but  it  is  not  the  same  as 
regards  the  dimensions  of  a  pipe,  whose  diameter,  we  have  seen,  enters  as  two  different  powers  in 
the  expression  of  the  velocity  and  the  expenditure.  It  is  possible,  however,  to  arrive  at  a  practical 
result  of  sufficient  accuracy  by  the  aid  of  a  simple  method  of  which  we  will  endeavour  to  lay  down 
the  elements.  Of  course  we  suppose  the  pipe  to  be  uniform  in  diameter  and  without  contraction. 
If  we  bring  together  the  expression  of  the  velocity  and  that  which  corresponds  to  the  section  of 
the  pipe — which  we  have  supposed  all  along  to  be  circular — and  multiply  the  one  by  the  other, 
the  result  will  evidently  be  equal  to  the  volume  Q  discharged  under  the  said  conditions,  since 
it  will  be  the  product  of  the  velocity  by  the  section.     Thus  we  have  formula  [N] 

266-76  PD       "      3-1416  D2 


-• 


(! 


-J    x  266-76  =  164-5576, 


(0-0238  L  +  D)  d  *  4  _Q' 

Squaring  the  two  members,  and  representing  by  a  the  product  of  the  invariable  quantities 

aPD5 
with  the  exception  of  the  coefficient  0  '  0238,  it  becomes  Q2  =  /n .  qoqq  t    ■  r>w  " 

As  we  want,  now,  to  find  the  diameter  D,  we  must  draw  its  value  from  this  formula.  But  as 
that  operation  would  be  very  difficult  to  perform  in  a  direct  manner,  on  account  of  the  two  powers 
D  and  D5,  we  extract  the  value  of  D5  as  if  D  were  known,  and  we  find 

D  =  a5/(q'0238L  +  d)  Q2^ 
V  aP 

And  as  a  is  a  fixed  number,  and  equal,  as  may  be  seen,  to 

'3- 1416  V 

4 

we  extract  its  fifth  root,  which  is  equal  to  2-8,  whereby  we  divide  the  unity,  which  gives  0-3571; 
call  it  0-36,  and  taking  that  number  as  multiplier  from  the  radical,  we  arrive  at  this  last 
expression  :  

D  =  0-36Ay(0'0238Lp+D)Qi!d-  [0] 

Now,  in  order  to  work  by  means  of  this  formula  and  finally  disengage  D,  this  is  what  may  be 
done:  We  operate,  in  the  first  place,  by  considering  D  under  the  radical  equal  to  0;  we  shall 
thus  obtain  a  first  value  of  D,  though  rather  a  weak  one.  We  then  recommence  the  process,  this 
time  assigning  to  D  under  the  radical  the  approximate  value  found  by  the  first  operation.  The 
second  value  of  D  thus  obtained,  will  always  be  near  enough  for  all  practical  purposes;  if, 
however,  these  two  successive  values  were  to  present  a  very  wide  difference,  the  accuracy  of  the 
second  value  might  be  tested  by  performing  a  third  operation  wherein  that  value  would  in  turn 
be  substituted  for  D  under  the  radical,  and  might  be  considered  correct  if  the  result  of  the  said 
operation  turned  out  to  be  apparently  equal  to  it. 

Example. — Be  it  required  to  find  the  diameter  D  of  a  pipe  under  the  following  conditions  : 

Length  of  pipe L   =   100  mètres 

Expenditure  of  gas  in  a  second  of  time         . .      Q  =   0  •  5  cubic  mètre 

Belative  pressure  of  the  gas P   =   0  •  7  mètre  (mercury) 

Density  of  the  gas d   =  0-002 

Solution.     Formula  [O]. — By  considering  D  under  the  radical  equal  to  0,  we  have 
D  =  0-36  ^/ (0-0888  *  ™™+3^  Q-25lT(F002  =  ^.^ 

a  first  value  of  D,  which  we  substitute  in  its  place  under  the  radical,  in  order  to  perform  the 
second  operation,  when  we  find 

D  =  0-36  ^/ (0-0238  x  100"  + 0-101)  x  Q- 25WÖ02  =  ^.^ 

and  as  this  last  result  is  the  same  as  the  first,  we  may  be  sure  that  we  have  the  true  value  of  the 
required  diameter,  and  no  further  operation  is  necessary.     As  it  may  appear  strange  that  the  same 
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answer  should  be  obtained  from  two  formulas,  one  of  which  contains  a  quantity  more  than  the 
other,  we  must  observe  that  the  results  are,  in  reality,  different,  but  that  that  difference  manifests 
itself  only  in  a  series  of  decimals  that  are  not  appreciable  in  practice.  In  general,  the  very 
disposition  of  the  formula  leads  us  to  understand  that  it  is  sufficient  if  the  length  of  the  pipe  is 
equal  to  several  times  its  diameter — which  is  almost  always  the  case  and  may  be  ascertained 
beforehand — for  the  result  found  by  the  first  operation  to  give  the  true  practical  dimension 
required.  A  single  operation  would,  therefore,  be  sufficient  ;  but  it  is  as  well  to  verify  it,  either  by 
repeating  it  and  giving  D  its  value  beneath  the  radical,  or  by  finding  the  expenditure  of  the  pipe 
according  to  the  conditions  laid  down. 

Thus,  in  order  to  test  the  preceding  operation,  if  we  seek  the  velocity  of  the  flow  according  to 
the  length  of  pipe,  100  metres,  its  diameter  0*101,  and  the  pressure  0-7,  we  find  it  to  be  62-60 
mètres,  which,  multiplied  by  0-008012,  area  of  the  circle  9-101,  gives  0*501  cubic  mètre  as  the 
expenditure  of  the  pipe.  It  is  needless  to  add  that  this  result  may  be  considered  to  be  in  strict 
conformity  with  the  primitive  data  of  the  problem. 

"We  shall  limit  ourselves  to  this  much,  considering  that  we  have  said  all  that  is  useful  touching 
the  expenditure  of  steam  and  gases  ;  observing,  however,  that  the  preceding  rules  apply  where  the 
pipes  are  straight  or  curved,  but  not  where  they  have  contractions  or  sharp  angles,  such  as  to 
destroy  a  portion  of  the  vis  viva  of  the  fluid  in  motion.  At  the  conclusion  of  this  article  we  shall, 
as  usual,  give  a  list  of  such  authors  as  may  be  consulted  by  those  of  oui'  readers  who  are  desirous 
of  obtaining  more  complete  notions  upon  the  subject. 

Physical  Pkoperties  of  Steam. — The  functions  of  steam  motors  repose  upon  the  mechanical 
properties  of  the  aeriform  fluid  produced  by  water  in  its  physical  change  called  the  state  of  steam. 
Before  studying,  therefore,  the  construction  of  such  machines,  it  is  indispensably  necessary  that 
we  should  give  an  exact  account  of  the  circumstances  whereby  the  phenomenon  of  the  conversion 
of  water  into  steam  is  attended,  showing  the  conditions  under  which  it  is  accomplished  ;  the  phy- 
sical effects  that  immediately  result  therefrom  ;  the  means  of  ascertaining  their  intensity  ;  and, 
finally,  the  part  taken  by  the  chief  imponderable  agent,  heat  or  caloric,  and  the  combustible  sub- 
stances by  which  this  latter  is  developed.  Thus,  it  is  with  steam-engines  as  with  hydraulic 
motors,  the  motive  power  is  borrowed  from  natural  agents,  namely,  Caloric  and  Gravity. 

By  the  means  of  caloric,  an  inert  liquid,  possessing  gravity  only,  is  transformed  into  an  expan- 
sive gas  deriving  its  power  from  itself.  When  that  said  liquid  has  been  previously  elevated  by 
natural  forces,  gravity  seems  to  use  it  as  a  sort  of  receiver  to  whom  it  has  entrusted  its  power  in 
order  that  it  may  be  restored  at  a  moment  when  that  same  liquid  may  be  utilized  as  a  fall. 

The  comparison  of  these  two  imponderable  agents,  brought  into  play  for  the  purpose  of  ob- 
taining motive  force,  is  suggestive  of  a  very  interesting  remark,  which  is,  that,  in  both  cases,  one 
of  the  two  agents,  caloric,  has  been  the  primal  cause  of  the  mechanical  effect  obtained,  since  the 
water,  elevated  so  as  to  produce  a  useful  fall,  was  raised  solely  by  the  action  of  heat,  which  caused 
it  to  evaporate  so  that  it  might  afterwards  fall  in  the  shape  of  rain,  forming  streams  and  rivers. 
It  is  quite  certain  that  without  that  cause  water  would  only  be  known  to  the  world  as  a  uniform 
level,  precisely  on  account  of  that  gravity  which  forbids  its  being  raised  otherwise  than  by  the 
development  of  some  mechanical  power  of  corresponding  intensity. 

It  may,  therefore,  be  said  that,  in  the  two  systems  of  motors,  water  and  steam,  the  first  phy- 
sical expenditure  is  supplied  by  caloric. 

In  hydraulic  motors,  it  effects  the  change  of  state  by  opposing  the  action  of  gravity,  which  will 
restore  later  that  expenditure  of  action  after  the  return  from  the  vaporized  to  the  liquid  state. 

In  steam  motors,  the  effect  of  caloric  is  immediate,  while  that  of  gravity  is,  for  the  time, 
eliminated. 

But,  even  in  this  latter  case,  it  will  be  easy  to  see  that  the  laws  of  gravity  still  intervene  to 
measure,  in  a  manner,  the  effects  produced  by  caloric,  which  may  always  be  expressed — like  every 
other  mechanical  work — by  the  raising  of  weights. 

It  becomes,  therefore,  very  easy  to  understand  this  transformation  of  natural  powers,  so  inti- 
mately connected  that  their  effects  are  equal,  and  exactly  compensate  one  another.  This  will, 
perhaps,  serve  to  explain  the  error  into  which  some  persons  have  fallen,  who  fancied  that  it  could 
create  an  advantageous  motor,  by  raising  water  with  the  aid  of  an  artificial  vacuum  formed  by 
the  condensation  of  steam,  and  then  utilizing  it  by  allowing  it  to  fall  upon  a  wheel  or  other  con- 
trivance. 

But  it  must  be  evident  that  a  volume  of  water,  raised  at  the  expense  of  a  certain  quantity  of 
steam,  cannot  develop  by  its  fall  a  greater  power  than  that  which  would  have  been  produced  by 
the  direct  use  of  the  steam  :  it  is  better,  therefore,  to  adopt  this  last  method. 

Definition  of  Steam. — In  nature,  bodies  present  themselves  under  three  different  forms, — the 
solid,  the  liquid,  and  the  gaseous  or  aeriform. 

Were  it  not  for  the  particular  circumstances  under  which  these  bodies  are  generally  main- 
tained, some  in  one  state,  some  in  another,  so  as  to  enable  us  to  classify  them  as  above, — with  much 
stronger  reason  might  we  say  that  bodies  have  no  absolute  state,  but  may  present  themselves 
Indifferently  under  the  one  or  under  the  other,  which  is  true. 

The  normal  condition  of  the  medium  in  which  we  exist  is  the  sole  cause  of  the  distinction  that 
has  been  admitted  into  common  parlance.  We  say  that  water  is  a  liquid  ;  that  metals  arc  solids  ; 
that  air  is  a,gas,  and  so  on;  and  yet  water  may  become  solid  as  well  as  gaseous,  and  metals  may 
be  made  liquid  and  even  into  gas.  If  air  appears  not  to  possess  the  property  of  liquefying  or 
solidifying,  it  is  in  all  probability  because  we  are  ignorant  of  the  means  requisite — not  because 
they  do  not  exist  :  other  gases  ore  known  to  be  capable  of  these  changes. 

So  that, — setting  aside  air  for  the  present, — the  physical  state  of  a  body  is  a  mere  question  of 
temperature.  It  is  certain  that,  if  that  of  the  earth  nowhere  exceeded  one  degree  centigrade 
below  zero,  water  would  be  classed  as  a  solid  ;  and,  in  the  opposite  event  if  the  temperature  rose 
to  a  sufficient  degree  of  heat,  water  would  be  called  a  gas. 
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Having  explained  this  in  a  general  manner,  we  will  now  occupy  ourselves  exclusively  with 
that  which  concerns  the  changes  to  which  water  may  be  subjected.  Bnt,  however  great  our 
desire  may  be  to  simplify  as  much  as  possible  the  study  of  steam,  it  will  not  avail  our  readers 
unless  they  have  some  knowledge  in  physics,  upon  which  we  cannot  enter  here.  "We  will  there- 
fore suppose  that  knowledge  to  exist,  embracing  the  theory  of  gravity,  hydrostatics,  the  equili- 
brium of  gases,  and  the  phenomena  of  heat.  When  occasion  requires,  moreover,  we  shall  not  fail 
to  recall  to  mind  the  fundamental  laws  of  those  different  branches  of  physics. 

Principles  of  the  Foi~mation  of  Steam. — If  a  certain  quantity  of  water  be  placed  in  a  vessel  or 
poured  upon  the  ground  in  the  open  air,  it  will  gradually  diminish  in  volume,  and,  in  course  of 
time,  disappear  altogether  unless  renewed.  The  water  is  then  said  to  have  evaporated,  or  trans- 
formed itself  into  steam — that  is  to  say,  a  gas — invisible  like  air  and  mingling  with  it. 

If,  in  lieu  of  leaving  the  water  contained  in  the  vessel  simply  exposed  to  the  temperature  of  the 
surrounding  atmosphere,  we  place  it  over  a  fire,  it  begins  to  heat,  then  to  boil,  and  finally  dis- 
appears, leaving  the  vase  that  contained  it  completely  dry,  provided  no  liquid  be  added,  and  that 
the  fire  be  kept  up  a  sufficient  length  of  time.  This  time  the  water  is  said  to  have  been  vaporized, 
which  means  that  it  has  again  been  converted  into  steam,  but  rapidly,  and  accompanied  by  the 
phenomenon  of  ebullition. 

We  see,  then,  that  the  transformation  of  water  into  steam,  or  its  change  from  the  liquid  to  the 
gaseous  state,  takes  place  under  two  different  conditions,  which  are, 

1st.  Slow  evaporation  in  the  open  air,  and  without  any  effervescence  ; 

2nd.   Vaporization,  which  signifies  the  rapid  and  tumultuous  conversion  into  steam. 

These  two  methods,  though  differing  in  appearance,  in  no  way  affect  the  properties  Oj.  steam. 
We  shall  learn,  as  we  proceed,  that  those  conditions  only  prove  that  steam  is  formed  at  all  tempe- 
ratures ;  and  that,  in  both  cases,  when  passing  from  the  liquid  to  the  gaseous  state,  the  water  acts 
merely  in  obedience  to  a  repulsive  force  of  its  molecules,  which  have  a  constant  tendency  to 
separate  from  one  another,  overcoming  the  resistance  of  the  ambient  medium.  The  formation  of 
steam  in  vacuum  fully  illustrates  this  truth,  and  might,  judging  from  the  mere  superficial  evidence 
of  our  senses,  constitute  a  third  method,  whereas  it  is  but  an  explanation  of  one  single  general 
phenomenon.  We  shall  also  see  that  this  expansive  force  of  the  liquid  molecules  increases  with, 
the  temperature  of  the  water. 

Formation  of  Steam  in  Vacuum. — It  has  been  shown  by  means  of  the  most  conclusive  experiments 
that  the  formation  of  steam  is  a  permanent  property  in  liquids,  and  that  they  would  immediately 
assume  that  state  were  they  not  prevented,  under  the  ordinary  conditions  of  their  temperature,  by 
the  external  pressure  of  the  medium  in  which  they  are  placed. 

Effectually,  if  water  be  introduced  into  a  space  entirely  void  of  air  and  where  no  pressure 
exists,  that  is  to  say,  in  vacuum,  it  vaporizes  instantaneously  ;  so  that  of  an  apparent  and  fluid 
body,  there  only  remains  an  invisible  gas  like  air  ;  and  this  phenomenon  is  accomplished  no 
matter  what  the  temperature  of  the  liquid  may  be.  This  curious  fact  is  demonstrated  by  physicists 
in  a  very  remarkable  experiment,  and  the  most  satisfactory,  perhaps,  that  could  have  been 
devised. 

Two  mercurial  barometers  being  disposed  in  the  manner  indicated  by  Fig.  848,  and  both  at 
first  marking  the  atmospheric  pressure,  like  B,  a  drop  of  water,  whence  the  air  has  been  carefully 
expelled  by  distillation,  is  introduced  into  one  of  the  barometrical  tubes,  say  A, 
at  its  lower  end  by  the  aid  of  a  bent  pipe.  On  account  of  its  specific  lightness  the 
drop  of  water  soon  reaches  the  summit  of  the  mercurial  column  and  enters  the 
barometrical  chamber  or  Torricelli's  vacuum. 

But  here,  and  at  the  same  time,  an  extraordinary  phenomenon  takes  place  : 
the  column  of  mercury  falls  while  the  drop  of  water  disappears,  entirely  or  in 
part,  according  to  certain  conditions  which  we  shall  point  out  presently.  Be 
that,  however,  as  it  may,  the  fall  in  the  mercury  is  sufficiently  great  not  to  be 
attributed  to  the  mere  weight  of  the  liquid,  which,  by  virtue  of  the  immense 
difference  existing  between  its  own  density  and  that  of  the  metal,  would,  at  the 
most,  have  caused  a  depression  in  the  latter  scarcely  appreciable.  Neither  can 
it  be  accounted  for  by  a  certain  quantity  of  atmospheric  air  disengaged  from  the 
water,  since  this  last  was  previously  purged  by  distillation. 

We  are,  therefore,  bound  to  conclude  from  this  experiment  that  a  gaseous 
body  has  been  formed  in  the  barometrical  chamber,  endowed  with  an  expansive 
force  capable  of  causing  the  depression  a,  which  may  be  easily  measured  by 
means  of  the  barometer  B,  that  has  remained  intact.  That  gas  is  none  other  E 
than  the  steam  arising  from  the  water,  whose  molecules,  no  longer  under  the 
influence  of  atmospheric  pressure,  have  separated  from  one  another  with  an  effort  of  repulsion 
which  is  exactly  measured  by  the  barometrical  depression  a  resulting  therefrom. 

So  that,  in  principle,  the  transition  of  water  to  the  state  of  gas  or  steam  is  the  consequence  of 
a  natural  expansion  of  its  molecules,  which  only  becomes  manifest  when  it  is  capable  of  surmount- 
ing the  pressure  of  the  ambient  medium. 

The  Influence  of  Temperature  on  the  Formation  of  Steam. — The  formation  of  steam  in  vacuum 
being  a  generally  established  fact,  if,  now,  account  be  kept  of  the  temperature  at  which  the  water 
was  introduced  into  the  barometer,  we  shall  acquire  the  certitude  that  the  tendency  to  vaporiza- 
tion varies  with  that  temperature,  and  that,  as  the  latter  increases,  so  much  greater  is  the  depression 
of  the  mercurial  column.  In  other  terms,  the  elastic  force  of  steam  augments  with  the  temperature 
of  the  water  by  which  it  was  engendered. 

The  better  to  impress  the  mind  with  this  important  proposition,  let  us  suppose,  in  the  last 
experiment,  that  one  decigramme  of  water  was  introduced  into  the  barometer  at  a  temperature  of 
+  20  degrees  centigrade  ;  we  recognize  from  observation  that  the  depression  of  the  mercurial 
column  would  in  that  case  be  about  17  millimetres,  that  is,  assuming  that  the  water  lost  none  of 
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its  heat  in  passing  through  the  mercury  ;  it  may,  therefore,  be  said  that  the  pressure  exerted  by 
the  steam  thus  formed  is  equivalent  to  a  small  column  of  mercury  of  that  height  ;  that  is,  -^ 
of  the  entire  column,  or  rather  more  than  -^  of  the  total  atmospheric  pressure. 

Before  enlarging  more  fully  upon  these  principal  properties  of  steam,  it  will  perhaps  be  useful 
if  we  give  a  better  explanation  of  what  is  to  be  understood  by  steam,  and  of  its  real  constitution  as 
compared  with  the  notions  one  might  be  led  to  form  thereof  from  a  mere  casual  view  of  the  question. 
Steam,  with  its  property  of  expansion,  and  in  that  phase  of  formation  in  which  we  have  supposed 
it  to  be,  is  in  reality  a  transparent,  invisible  fluid,  like  air.  The  grey  or  white  vapours  that  escape 
from  a  vessel  containing  boiling  water,  from  the  chimney  of  a  locomotive  engine,  and  so  forth,  are 
frequently  designated  as  steam;  but  improperly  so,  since  those  mists  are  but  an  immense  agglo- 
meration of  microscopic  globules  composed  of  a  layer  of  liquid  water  enclosing  steam,  and  floating 
in  the  air,  but  the  whole  assemblage  of  which  does  not  possess  the  slightest  elastic  force.  They 
may  be  regarded  as  the  transitory  form  assumed  by  steam  in  returning  to  the  liquid  state  caused 
by  relative  slow  cooling.  The  phenomenon  of  fogs  is  often  witnessed  in  the  atmosphere,  when  the 
gaseous  vapour  which  it  always  contains  in  a  greater  or  less  degree  is,  from  some  cause  or  other, 
partially  condensed. 

The  Maximum  Elastic  Force  of  Steam. — It  is  clear,  from  the  foregoing  experiment  with  the 
barometer,  that,  since  water  only  vaporizes  so  long  as  it  meets  with  no  opposition  from  the  external 
pressure  to  which  it  is  subjected,  that  vaporization  ought  to  cease  as  soon  as  the  steam  already 
formed  has  acquired  precisely  that  tension  which  limits,  with  a  given  temperature,  the  expansion 
of  the  liquid  molecules.  And  this,  in  fact,  is  what  happens.  For,  if  a  sufficient  quantity  of  water 
.be  introduced  into  the  barometer,  the  whole  of  it  does  not  become  transformed  into  steam,  but  a 
portion  still  remains  on  the  top  of  the  column  of  mercury  after  the  depression  of  the  latter  has 
taken  place.  In  order  to  attain  this  result  it  is  necessary  that  the  volume  of  water  introduced 
should  bear  a  certain  relation  to  the  size  of  the  barometrical  chamber,  including  the  fall  of  the 
mercury.  When  these  conditions  have  been  fulfilled,  the  chamber  is  said  to  be  saturated,  that  the 
steam  has  attained  its  maximum  of  expansion  or  elastic  force.  This  is  tantamount  to  saying  that  a 
sufficient  pressure  has  been  engendered  to  balance  the  tendency  of  the  water,  with  its  actual 
temperature,  to  transform  itself  through  the  expansive  force  of  its  molecules. 

Things  being  in  this  state,  if  by  some  means  we  are  able  to  enlarge  the  space  occupied  by  the 
steam,  fresh  quantities  of  water  will  be  vaporized,  and  if  we  continue  increasing  it,  not  only  will 
the  whole  of  the  water  disappear,  but  the  steam  will  still  fill  it  and  yet  its  pressure  will  not  be 
completely  destroyed. 

If  we  have  recourse  to  the  opposite  process,  and  lessen  the  space,  a  portion  of  the  water  that 
had  been  converted  into  steam  returns  at  once  to  the  liquid  state;  and  should  we  persevere  in 
reducing  it  until  it  equals  exactly  the  volume  of  the  water  originally  introduced,  the  entire  mass 
then  assumes  its  primitive  form. 

These  properties,  which  are  an  inevitable  consequence  of  what  we  have  said  touching  the 
equilibrium  between  the  tension  of  the  steam  formed  and  the  natural  expansion  of  the  molecules 
of  the  liquid  mass,  are  rendered  clearly  evident  by  the  aid  of  an  instrument  called  a  icell  barometer. 
This  instrument  consists  of  an  ordinary  barometer,  A,  Fig.  849,  but  whose  basiu  is  formed  of  a 
deep  tube  B,  widening  into  a  cup  at  the  top  and  partly  filled  with  mercury,  constituting  a  sort  of 
well  into  which  the  tube  A  may  be  plunged  to  a  considerable  length.  As  the 
height  of  the  mercurial  column  is  invariable  and  has  for  its  base  the  level  of  the 
open  surface  in  the  basin,  it  follows,  as  a  matter  of  course,  that,  by  immersing 
the  tube  A  in  the  well,  the  deeper  it  goes  the  smaller  in  proportion  will  the 
barometrical  chamber  become.  If,  consequently,  we  make  a  drop  of  water  a  pass 
to  the  surface  of  the  mercurial  column,  as  before,  the  space  occupied  by  the 
steam  will  increase  or  diminish  according  as  we  raise  or  lower  the  tube  in  the 
well.  By  raising  it  the  drop  of  water  grows  gradually  smaller,  and  finally  dis- 
appears altogether.  By  continuing  thus  to  augment  the  barometrical  chamber, 
the  mercury — repulsed  at  first  by  the  elastic  force  of  the  steam — will  be  seen  to 
renscend  towards  its  normal  height,  but  without  ever  exactly  attaining  it,  even 
could  the  tube  be  indefinitely  raised  ;  which  clearly  proves  that  the  steam  con- 
tinues to  occupy  the  additional  spaces  offered  to  it,  and  always  exerts  a  pressure 
whose  intensity  is  in  the  inverse  ratio  of  those  spaces. 

If  now  we  replunge  the  tube  A  deep  into  the  well,  we  shall  see,  little  by 
little,  the  water  reappear,  and  the  whole  of  the  steam  will  return  to  the  liquid 
state  if  we  immerse  the  tube  sufficiently  deep  to  reduce  the  vacuum  to  the 
dimensions  of  the  drop  of  water. 

Tli is  experimental  result  has  caused  physicists  to  say  that,  although  steam, 
like  gases,  possesses  an  indefinite  force  of  expansion  which  enables  it  to  dilate 
as  the  dimensions  of  the  vase  containing  it  are  increased  ;  it  is  not,  like  most 
gases,  indefinitely  compressible;  but,  that  it  has  a  maximum  of  elasticità  or  com- 
pression beyond  which  it  ceases  to  resist,  and,  by  condensing,  returns  to  the 
liquid  state.  But  this,  however,  in  no  way  proves  that  it  has  not  properties 
entirely  identical  with  those  of  gases;  for,  beyond  this  fact,  which  nothing 
authorizes  us  to  affirm,  that  gases  are  susceptible  of  any  amount  of  compression, 
it  has  been  observed  that  several  of  them  liquefy  in  reality,  if  subjected  to  sufficien  pressure.  Of 
this  number  is  carbonic  acid,  for  instance,  which  becomes  liquid  under  a  pressure  of  45  atmospheres. 
Other  gases  liquefy  with  a  much  less  pressure.  But  steam  offers  an  advantage  seldom  or  never 
met  with  in  permanent  gases,  and  that  is,  the  facility  of  observing  the  condensation  that  takes 
place  if  we  endeavour  to  compress  it  beyond  a  certain  limit.  It  is  that  limit  that  has  been 
termed  the  maximum  of  elastic  force,  and  which  varies  with  the  temperature  of  the  liquid  by  which 
the  steam  was  generated.    It  would  appear,  then,  from  this,  that  in  vacuum,  when  the  quantity 
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of  liquid  is  sufficient,  the  steam  acquires  immediately  its  maximum  of  elastic  force,  after  which 
the  vaporization  instantly  ceases  if  no  modification  of  space  takes  place.  By  saying  that  at  that 
moment  the  space  is  saturated,  we  use  an  expression  that  renders  well  the  idea  we  wish  to  convey 
of  the  formation  of  steam  which  can  only  continue  to  disengage  itself  so  long  as  its  own  pressure 
offers  no  opposition  to  the  continued  expansion  of  the  liquid  molecules. 

The  Relation  between  the  Elastic  Force  of  Steam  and  its  Temperature. — Now  that  the  principle  of 
the  formation  of  steam  has  been  rendered  intelligible  through  the  evidence  afforded  by  its 
development  in  vacuum,  it  becomes  easy  to  show  how  its  power  increases  with  its  temperature. 
In  the  foregoing  experiment — the  instrument  used  being  the  barometer,  which  does  not  admit  of 
the  measurement  of  a  greater  pressure  than  that  of  the  atmosphere  balanced  by  its  column 
of  mercury — we  were  unable  to  observe  the  effects  of  steam  at  a  higher  temperature  than  100 
degrees,  in  which  case  the  pressure  would  be  sufficient  to  entirely  overcome  the  said  column. 
The  experiments,  therefore,  could  only  range  between  the  temperatures  of  zero — the  lowest  limit 
at  which  water  liquefies — and  100  degrees,  when,  the  mercury  in  the  vertical  tube  being  on  a 
level  with  that  in  the  basin,  the  instrument  ceases  to  act.  This  first  resvdt  has  proved,  however, 
of  very  great  importance,  since  it  has  afforded  an  exact  knowledge  of  the  general  properties  of 
steam,  and  has  enabled  us,  moreover,  to  establish  a  unity  of  measure  of  its  power.  Without 
rejecting  the  facility  of  measurement  presented  by  the  barometer,  the  grand  unity,  that  has  been 
chosen  as  standard,  is  the  pressure  of  the  atmosphere,  to  which  that  of  steam  becomes  equal  at  a 
certain  temperature,  as  seen  already.  Consequently,  when  the  pressure  of  steam  is  capable  of 
replacing  the  column  of  mercury  in  balancing  the  external  air,  it  is  said  to  be  equal  to  one 
atmosphere.  That  pressure,  as  expressed  by  weight  and  unity  of  surface,  is,  we  know,  equal  to 
1  •  0333  kilogramme  on  every  square  centimètre.  It  is  simply  the  weight  of  a  column  of  mercury 
measuring  76  centimètres  in  height  and  1  centimètre  square  at  the  base. 

If,  as  we  have  explained  elsewhere,  water,  when  heated  in  the  open  air,  cannot  exceed  the 
temperature  of  100  degrees  centigrade,  the  case  assumes  a  very  different  aspect  when  it  is  confined 
in  a  close  vessel  from  which  the  steam  is  unable  to  escape  into  the  atmosphere  as  fast  as  it  is 
formed.  The  temperature  of  the  water  may  then  be  heightened,  giving  forth  steam  whose 
pressure  increases,  we  might  almost  say,  indefinitely. 

In  order  to  furnish  a  first  demonstration  of  this  fact,  physicists  have  recourse  to  a  very  simple 
experiment,  of  which  we  must  say  a  few  words. 

A  tube,  A,  Fig.  850,  bent  in  the  form  of  an  U,  but  having  its  branches  of  unequal  length — the 
longer  being  open. to  the  air,  while  the  shorter  is  hermetically  closed — is  partially  filled  with 
mercury,  and  a  drop  of  water  is  made  to  pass  to  the  summit  of  the  column  in  the 
sealed  end,  as  seen  at  a. 

Having  made  these  arrangements,  if  we  now  plunge  the  instrument  into  an 
oil  bath  at  a  temperature  greater  than  100  degrees,  steam  begins  to  form,  spread- 
ing from  atom«,  and  thrusting  back  the  mercury  which  rises  in  the  longer 
branch  of  the  tube  to  a  certain  height  si.  It  then  becomes  evident  that  the 
steam  exerts  a  pressure  superior  to  that  of  the  atmosphere,  since  when  in  its 
liquid  state  it  bore  that  pressure  transmitted  through  the  mercury,  but  repulsed 
it  as  soon  as  it  became  transformed. 

Its  real  pressure  is  therefore  equal  to  that  of  the  atmosphere  plus  the  column 
of  mercury  H,  measured  from  the  open  surface  s  I  to  the  horizontal  line  m  n, 
passing  through  the  summit  of  the  column  in  the  short  branch  of  the  tube. 

Be  it  granted,  for  example,  that,  in  the  above  experiment,  the  larger  column 
of  mercury  has  reached  a  height  H  equal  to  45  centimètres  ;  how  should  we 
express  ourselves  in  order  to  indicate  the  pressure  of  the  steam  that  has  been  formed,  allowance 
for  the  expansion  of  the  mercury  not  being  taken  into  consideration  ? 

With  a  barometer  indicating  that,  at  the  moment  of  the  experiment,  the  atmospheric  pressure 
is  balanced  by  a  column  of  mercury  76  centimètres  in  height,  the  steam  will  have  overcome  a 
resisting  column  of  76  +  45  =  121  centimètres.     In  order  to  establish  the  relation  between  the 
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height  of  that  pressure  and  that  of  the  atmosphere,  we  say,   -— -  =  1  *  592  ;  meaning  that  the 
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pressure  of  the  steam  is  equal  to  1  atmosphere  plus  592  thousandths. 

As  regards  the  expression  of  the  pressure  by  weight  and  unity  of  surface,  adopting  the  centi- 
mètre square  for  the  latter,  it  is  sufficient  to  know  the  density  of  the  liquid  raised,  and  to  ascertain 
its  weight  according  to  its  volume.  The  density  of  mercury  being  13*598,  or  13  "598  grammes  for 
a  cubic  centimètre,  we  should  have  13-598  x  121  =  1645  grammes.  We  then  say  that  the  steam 
exerts  a  pressure  represented  by  a  weight  equal  to  1*645  kilogramme  upon  every  centimetro 
square. 

Let  us  remark,  in  order  that  no  doubt  may  present  itself  to  the  mind  respecting  the  condii  ¡on 
of  vacuum  laid  down  just  now  for  the  formation  of  steam, — but  which  does  not  apply  in  the  above 
experiment, — that  it  must  be  remembered  that  a  vacuum  does  not  otherwise  modify  the  phenomenon 
of  the  generation  of  steam,  bc37ond  allowing  its  instantaneous  accomplishment,  and  at  the  lowest 
temperatures,  eventhat  of  freezing.  Consequently,  the  properties  observed  are  the  same  in  both 
instances.  Were  it  possible  for  us  to  transport  ourselves  to  some  place  where  the  barometrica] 
pressure  could  reach  a  height  of  121  centimètres,  the  experiment  might  be  performed  with  that 
instrument,  and  the  results  obtained  would  be  precisely  identical. 

Although  the  last  experiment  has  enabled  us  to  note  the  pressure  of  steam  for  temperatures  a 
little  above  100  degrees,  it  would  not  be  so  were  it  to  become  very  much  greater;  for,  as  steam 
rapidly  acquires  very  considerable  pressure,  it  is  more  than  probable  that  the  instrument  would 
not  be  able  to  resist  it. 

The  first  men,  after  English  accurate  investigators,  to  thoroughly  investigate  this  question  in 
France  were  the  celebrated  Arago  and  Dulong,  to  whom  the  Academy  of  Sciences  entrusted  the 
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important  and  useful  mission  of  ascertaining  the  elastic  force  of  steam  throughout  the  most  extended 
scale  of  temperatures  possible.     That  laborious  work  was  only  terminated  in  1 830. 

This  is  how  these  illustrious  savants  operated  so  as  to  obtain  high  degrees  of  temperature,  and 
be  able,  at  the  same  time,  to  measure  the  corresponding  elasticity  of  the  steam. 

The  water  was  enclosed  in  a  boiler  made  of  strong  sheet  iron,  perfectly  air-tight,  and  fixed 
in  a  brick  furnace.  Two  gun-barrels,  open  at  the  top  and  closed  at  the  bottom,  were  then  inserted 
into  the  lid,  descending,  the  one  to  the  lower  part  of  the  vessel,  the  other  to  the  upper,  where  the 
steam  was  confined.  Both  were  filled  with  mercury,  which  acquired  necessarily  the  same  tempe- 
rature as  the  fluid  into  which  the  barrels  were  plunged,  and  which  could  be  easily  measured  by 
the  aid  of  thermometers  so  disposed  as  to  suffer  no  loss  by  cooling.  Being  thus  in  a  position  to 
know  at  any  moment  the  temperature  of  the  liquid  and  of  the  steam  arising  from  it,  a  communi 
cation  was  established  between  the  latter  and  an  instrument  suitable  for  measuring  its  corresponding 
tension. 

That  instrument  is  what  has  been  called  later  a  Condensed-air  Manometer,  and  is  composed,  in 
principle,  of  a  stout  glass  tube  A,  Fig.  851,  closed  at  its  upper  extremity,  while  its  lower  one,  whicli 
is  open,  dips  into  a  basin  B,  containing  mercury.     This  tube  is  care- 
fully adjusted  to  the  basin,  so  as  to  cut  off  all  communication  with  the  _    * 
external  atmosphere.     A  second  tube  C,  similarly  fitted,  has  one  of  its 
ends  inserted  likewise  into  the  basin,  but  without  dipping  in  the 
mercury;  while  the  other  is  connected  with  the  vessel  in  which  is 
the  fluid  whose  elastic  force  has  to  be  ascertained. 

In  order  to  understand  the  working  of  the  manometer,  let  us  sup- 
pose, before  beginning  the  experiment,  that  perfect  communication 
exists  between  the  several  parts,  and  that  the  whole  is  filled  with 
atmospheric  air  ;  it  is  then  clear  that  the  level  of  the  mercury  within 
the  glass  tube  will  be  the  same  as  that  in  the  basin,  the  pressure  being 
equal  throughout.  Soon,  however,  the  temperature  of  the  liquid 
beginning  to  rise,  steam  is  formed  in  the  boiler,  and  the  air  it  contained 
is  thereby  gradually  expelled  through  an  outlet  temporarily  reserved 
for  that  object.  So  long  as  the  temperature  has  not  reached  that 
point  at  which  the  tension  of  the  steam  exceeds  that  of  the  atmo- 
sphere, the  level  of  the  mercury  remains  unaltered  ;  but,  from  the 
instant  that  occurs,  from  the  special  arrangement  of  the  apparatus,  the 
temperature  of  both  the  liquid  and  the  steam  augments,  as  well  as 
the  elastic  force  of  the  latter  :  the  mercury  is  then  seen  to  rise  in  the 
tube  on  account  of  that  excess  of  tension,  which  is  felt  alike  in  the  basin 
containing  the  mercury  and  in  the  vessel  where  the  steam  is  generated. 
But,  as  the  mercury  rises,  it  necessarily  compresses  the  air  confined 
in  the  upper  portion  of  the  tube,  and  whence  it  is  unable  to  escape: 
the  elastic  force  of  that  compression  must  be  the  same  as  that  of  the  \  ~  rf 

steam,  by  virtue  of  the  equal  transmission  of  pressure,  barring  a  cor- 
rection on  account  of  the  weight  of  the  column  of  mercury  raised.     This  compression  of  the  air 
above  the  mercurial  column  is,  therefore,  the  measure  of  the  elastic  force  of  the  steam  ;  and  is  the 
more  easily  determinable  that  air  is  compressed  in  accordance  with  a  well-known  law,  discovered 
by  Boyle,  and  defined  in  the  following  terms  : — 

The  volumes  of  gases  are  inversely  proportional  to  their  pressures. 

We  shall  revert  again  to  that  law,  to  which  we  merely  allude  for  the  better  intell  igence  of  the 
present  experiment. 

Consequently,  if  we  adopt  as  unity  the  volume  of  air  contained  in  the  tube  at  the  commence- 
ment of  the  operation,  with  the  ordinary  atmospheric  pressures,  when,  by  the  rising  of  the  mercury, 
that  volume  has  been  reduced  one-half,  we  shall  conclude  that  it  supports  a  double  pressure,  or 

2  atmospheres  ;  when  it  has  been  reduced  to  one-third,  that  the  pressure  is  triple,  or  equal  to 

3  atmospheres;  when  to  one-quarter,  4  atmospheres,  and  so  on. 

This  disposition  of  the  manometer  enables  us,  therefore,  at  any  moment  to  ascertain  the  elastic 
force  of  the  steam  formed,  while  the  thermometers  give  its  temperature.  We  may  add  that  the 
experiments  have  been  carried  as  far  as  24  atmospheres.  From  these  experiments  and  others,  a 
very  complete  Table  has  been  made  of  the  corresponding  clastic  force  of  steam  for  various  tempe- 
ratures and  also  a  formula  whereby  the  intermediate  quantities  may  be  calculated.  We  subjoin 
that  portion  of  the  Table  whicli  is  most  likely  to  prove  useful  in  practice.  The  elastic  forces  given 
are  maxima,  that  is  to  say,  those,  at  each  temperature,  where  the  steam  saturates  the  space  and 
would  commence  returning  to  its  liquid  state  if  an  attempt  were  made  to  compress  it.  The  Table 
is  divided  into  two  parts,  the  first  comprising  the  elastic  forces  of  steam  for  temperatures  ranging 
from  0  to  100  degrees,  the  second  the  temperatures  corresponding  to  elastic  forces  that  vary  from 
1  to  50  atmospheres. 

A  third  Table  has  been  added  to  these,  based  upon  calculation,  for  pressures  ranging  between 
100  and  1000  atmospheres.  Although  it  is  the  opinion,  even  of  savants,  that  the  numbers  it 
contains  are  not  to  be  relied  upon,  since  they  have  not  the  sanction  of  experiment,  still  we  give 
it,  that  it  may  serve  for  comparison. 

The  two  first  Tables,  on  the  contrary,  afford  all  the  guarantee  demanded  in  practice  ;  and  from 
more  recent  researches,  made  by  M.  Rcgnault,  it  turns  out  that,  with  the  exception  of  a  few  slight 
differences,  their  correctness  may  generally  be  depended  upon. 

In  examining  these  Tables  with  a  little  attention  we  are  struck  with  a  very  remarkable  result, — 
it  is  the  rapidity  with  which  the  tension  of  steam  increases,  compared  with  its  temperature,  ami 
how  very  far  the  two  effects  are  from  being  proportional.  This  fact  may  be  rendered  still  more 
apparent  by  means  of  a  graphic  tracing,  which,  being  constructed  with  the  assistance  of  the 
numbers  given  in  the  Tables,  brings  it  more  prominently  before  the  understanding. 
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Table  I. — The  Maximum  Elastic  Foece  of  Steam  for  Températures  from  0  to  100 

degrees  Centigrade. 


Degrees, 
centi- 
grade. 

Tension  of 

Steam  in 

millimètres. 

Pressure  in 
kilos,  on 

1  centimètre 
square. 

Degrees, 
centi- 
grade. 

Tension  of 
Steam  in 

millimètres. 

Pressure  in 

kilos,  on 

1  centimètre 

square. 

Degrees, 
i    ccnti- 
|  grade. 

Tension  of 

Steam  in 

millimètres. 

Pressure  in 
kilos,  on 

1  centimètre 
square. 

0 

5-059 

0-0069 

34 

38-254 

0-0520 

!      68 

209-440 

0-28454 

1 

5 

•398 

0 

•0074 

35 

40 

404 

0 

•0549 

I     69 

219 

•060 

0 

•29761 

2 

5 

•748 

0 

•0078 

36 

42 

743 

0 

•0581 

70 

229 

070 

0 

•31121 

3 

6 

•123 

0 

0084 

37 

45 

038 

0 

0612 

71 

239 

450 

0 

32532 

4 

6 

•523 

0 

0089 

38 

47 

759 

0 

0646 

72 

250 

230 

0 

33996 

5 

6 

•947 

0 

•0094 

39 

50 

147 

0 

0681 

73 

261 

430 

0 

35518 

6 

7 

•396 

0 

•0101 

40 

52 

998 

0 

0720 

74 

273 

030 

0 

37094 

7 

7 

•871 

0 

•0107 

41 

55 

772 

0 

0758 

75 

285 

070 

0 

39632 

8 

8 

•375 

0 

•0114 

42 

58 

792 

0 

0799 

76 

297 

570 

0 

40428 

9 

8 

•909 

0 

0122 

43 

61 

958 

0 

0818 

77 

310 

490 

0 

42184 

10 

9 

•475 

0 

0129 

44 

65 

627 

0 

0892 

78 

323 

890 

0 

44004 

11 

10 

•074 

0 

0137 

45 

68 

751 

o- 

0934 

79 

337 

760 

0 

45888 

12 

10 

•707 

0 

0146 

46 

72 

393 

o- 

0983 

80 

352- 

080 

0 

47834 

13 

11 

•378 

0 

0155 

47 

76 

205 

o- 

1035 

81 

367 

000 

0 

49860 

14 

12 

•087 

0 

0165 

48 

80 

195 

o- 

1090 

82 

382 

380 

0 

51950 

15 

12 

837 

0 

0170 

49 

84 

370 

o- 

1166 

83 

398- 

280 

0 

54110 

16 

13 

630 

0 

0186 

50 

88 

743 

o- 

1206 

84 

414 

730 

o- 

56345 

17 

14 

468 

0 

0197 

51 

93 

301 

o- 

12676 

85 

431 

710 

o- 

58652 

18 

15 

353 

0 

•0209 

52 

98 

075 

o- 

13325 

86 

449 

260 

o- 

61086 

19 

16 

288 

0 

0222 

53 

103 

060 

o- 

13999 

87 

467 

380 

o- 

63498 

20 

17 

314 

0 

0235 

54 

108 

070 

o- 

14710 

88 

486 

090 

o- 

66040 

21 

18 

317 

0 

0250 

55 

113 

710 

o- 

15449 

89 

505 

380 

0 

68661 

22 

19 

447 

0 

0265 

56 

119 

390 

o- 

16220 

90 

525 

28 

0 

71364 

23 

20 

577 

0 

0281 

57 

125 

310 

o- 

17035 

91 

547 

80 

0 

64152 

24 

21 

805 

0 

0297 

58 

131 

500 

o* 

17866 

92 

566 

95 

0 

77026 

25 

23 

090 

0 

0314 

59 

137 

940 

0 

18736 

93 

588 

74 

0 

79986 

26 

24 

452 

0 

0334 

60 

144 

660 

0 

19653 

94 

611 

18 

0 

83035 

27 

25 

881 

0 

0353 

61 

151 

700 

0 

20610 

95 

634 

27 

0 

86172 

28 

27 

390 

0 

0374 

62 

158 

960 

0 

21586 

96 

658 

05 

0 

89402 

29 

29 

045 

0 

0396 

63 

165 

560 

0 

22639 

97 

682 

59 

0 

92736 

30 

30 

643 

0 

0418 

64 

174 

470 

0 

23758 

98 

707 

63 

0 

96138 

31 

32 

410 

0 

0440 

65 

182 

710 

0 

24823 

99 

733 

46 

0 

99448 

32 

34 

261 

0 

0465 

66 

191 

270 

0 

25986 

100 

760-00 

1 

03253 

33 

36-188 

0  0492 

67 

200-180 

0-27196 

Table  II. — Of  the  Temperatures  of  Steam  for  Tensions  from  1  to  50  Atmospheres. 


Elastic  Forces 

Corresponding 

Pressure  in 

Elastic  Forces 

Corresponding 

Pressure  in 

expressed  in 

Temperatures  given 

kilogrammes 

expressed  in 

Temperatures  given 

kilogrammes 

Atmospheres 

by  the  Centigrade 

on  a 

Atmospheres 

by  the  Centigrade 

on  a 

of  76  cents. 

Mercurial 

centimètre 

of  76  cents. 

Mercurial 

centimètre 

of  mercury. 

Thermometer. 

square. 

of  mercury. 

Thermometer. 

square. 

1 

100 

1-033 

1           13 

193-7 

13-429 

le 

112 

2 

1 

549 

14 

197 

19 

14-462 

2 

121 

4 

2 

066 

15 

200 

48 

15-495 

2¿ 

128 

8 

2 

582 

16 

203 

60 

16-528 

3 

135 

1 

3 

099 

17 

206 

57 

17-561 

H 

140 

6 

3 

615 

18 

209 

4 

18-594 

4 

145 

4 

4 

132 

19 

212 

1 

19-627 

H 

149 

06 

4 

648 

!         20 

214 

7 

20-660 

5 

153 

08 

5 

165 

21 

217 

2 

21*693 

5è 

156 

8 

5 

681 

22 

219 

6 

22-726 

6 

160 

2 

6 

198 

23 

221 

9 

23-759 

6è 

163 

48 

6 

714 

24 

224 

2 

24*792 

7 

166 

5 

7 

231 

25 

226 

3 

25-825 

7| 

169 

37 

7 

747 

30 

236 

2 

30*990 

8 

172 

1 

8 

264 

35 

244 

85 

36*155 

9 

177 

1 

9 

297 

40 

252 

55 

41*320 

10 

181 

6 

10 

33 

45 

259 

52 

46-485 

11 

186 

03 

11 

363 

50 

265*89 

51-650 

12 

190- 

12-396 
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Table  III. — Of  the  Temperatures  of  Steam  for  Tensions  from  100  to  1000  Atmospheres. 


Elastic  Forces 

Pressure  in  kilos. 

Elastic  Forces 

Pressure  in  kilos. 

expressed 

Corresponding 

on  a 

expressed 

Corresponding 

on  a 

in 

Temperatures. 

centimètre 

in 

Temperatures. 

centimètre 

Atmospheres. 

square. 

Atmospheres. 

square. 

100 

311-36 

103-30 

600 

462-71 

619-8 

200 

363-58 

206-60 

700 

478-45 

723-1 

300 

397-65 

309-90 

800 

492-47 

826-4 

400 

423-57 

413-20 

900 

505-16 

929-7 

500 

444-70 

516-50 

1000 

516-76 

1033-0 

The  first  idea  of  a  tracing  of  this  nature  belongs  to  M.  Clément-Désormes,  from  whose  hints 
M.  Leblane  made  a  diagram  which  may  be  seen  in  the  galleries  of  the  Conservatoire  des  Arts  et 
Métiers,  Paris.  The  one  which  we  here  reproduce,  Fig.  852,  comprises,  in  addition,  a  special 
tension  curve,  from  0  to  1  atmosphere,  after  the  table  drawn  up  by  M.  Eegnault. 
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The  principle  of  the  tracing  is  extremely  simple.  The  vertical  scale  A  B  is  divided  into  equal 
parts  indicating  a  succession  of  temperatures  from  0  to  200  degrees.  The  horizontal  line  B  C  is 
in  like  manner  divided  into  equal  parts  corresponding  to  pressures  expressed  in  atmospheres. 
Points  have  been  marked  upon  the  diagram  where  the  vertical  and  horizontal  lines  meet,  that  is, 
at  the  intersection  of  the  abscisses  and  ordinates  passing  through  the  temperatures  and  tensions 
which  face  one  another  in  the  preceding  Tables,  and  those  points  united  by  the  curve  A  C. 

A  second  curve  D  E  has  been  traced  to  correspond  with  the  tensions  ranging  between  0  and 
100  degrees,  and  to  enable  the  results  to  be  more  clearly  understood  by  enlarging  the  scale. 
Effectually,  the  total  length  of  the  diagram  which,  on  line  B  0  corresponds  to  15  atmospheres, 
represents  but  one  only  with  respect  to  the  second  curve  D  E,  whose  graduated  scale  of  tensions 
is  on  the  line  F  E,  and  gives  at  once  the  fractions  of  an  atmosphere  of  760  millimètres  of  mercury, 
and  the  absolute  heights  of  that  liquid  expressed  in  centimètres. 

Thus,  by  this  twofold  graduation  of  the  scale  we  see  simultaneously  to  what  fraction  of  an 
atmosphere  steam  at  a  given  temperature  corresponds,  and  what  is  its  equivalent  in  centimètres 
of  mercury. 

For  instance,  let  us  take  a  temperature  of  70  degrees  in  the  scale  D  F,  and  from  its  intersection 
b  with  the  curve  DE  draw  a  vertical  line  till  it  meets  the  scale  EF,  and  we  shall  find  that  it 
answers  in  that  scalo  to  a  mercurial  height  of  23  centimètres  and  to  0-3  atmospheric  pressure. 

It  is  evident  that  the  inverse  operation,  that  is,  to  find  the  temperature  for  a  proposed  tension, 
is  performed  exactly  in  the  same  manner,  the  disposition  of  the  diagram  being  equally  adapted 
for  both  purposes. 

The  construction  of  these  curves  is  sufficient  to  show  the  rapidity  with  which  the  tension  of 
steam  increases,  since,  were  it  proportional,  the  points  of  intersection  of  the  lines  passing  through 
the  temperatures  and  tensions  would  be  situated  on  a  straight  line  drawn  from  A  to  C.  But 
this  is  far  from  being  the  case,  since  we  see  by  the  Table  that  the  elastic  force  of  steam,  at  a 
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temperature  of  82  degrees,  being  equal  to  382  millimètres  of  mercury,  or  about  half  an  atmosphere  ; 
it  becomes  double  or  1  atmosphere  at  100  degrees,  2  atmospheres  at  121  degrees,  3  atmospheres  at 
135  degrees,  and  finally  it  reaches  21  atmospheres  before  its  temperature  has  risen  to  225  degrees. 

Steam  is,  therefore,  a  power  that  requires  to  be  used  with  great  precaution,  because,  after 
certain  limits,  a  few  degrees  of  temperature  suffice  to  double  its  pressure,  and  may  entail  serious 
disaster.  This  is  known  to  all  mechanicians,  and  should  particularly  be  borne  in  mind  by  stokers 
for  their  own  security. 

Density  of  Steam. — The  density  of  steam  forms  a  very  important  item  in  the  study  of  engines, 
since  it  teaches  what  are  the  quantities  of  water  requisite  to  feed  a  given  motor. 

Before  giving  the  mere  list  of  values  that  correspond  to  the  different  densities  of  steam, 
according  to  its  tensions  and  temperatures,  some  explanation  is  necessary  so  as  to  establish  clearly 
the  condition  in  which  it  is  when  a  density  of  any  kind  is  applied. 

Steam  may  be  supposed  to  be  in  two  situations  :  1st.  Enclosed  in  a  vessel  together  with  a 
certain  quantity  of  the  liquid  by  which  it  was  generated  ;  2nd.  Enclosed  in  a  vessel  of  which  it 
fills  the  entire  space  without  any  of  the  liquid  being  present. 

First  condition. — When  a  vessel  contains,  at  the  same  time,  both  liquid  and  steam,  what  will 
happen  if  the  supply  of  caloric  be  continued  ?  The  water  will  generate  more  steam,  which  will 
combine  with  that  already  formed;  but,  as  the  steam  occupies  a  much  greater  space  than  the 
water  that  has  been  vaporized,  the  result  will  be  that,  since  the  primitive  volume  is  only  aug- 
mented by  an  imperceptible  quantity,  its  pressure  will  notably  increase,  and  in  a  manner  analogous 
to  that  of  a  gas  when  condensed  into  a  given  capacity.  This  effect  is  further  enhanced  by  the 
tendency  of  the  first-formed  steam  to  expand  on  account  of  the  elevation  of  temperature. 

Second  condition. — If  a  vessel,  containing  steam  but  no  liquid,  be  subjected  to  an  increase  of 
temperature,  the  steam  will  make  an  effort  to  expand  like  a  permanent  gas,  and  its  tension  will 
increase  in  the  same  proportion.  Only,  in  this  latter  case,  the  progression  of  the  elastic  forces 
will  not  be  so  rapid  as  in  the  former,  because  it  results  only  from  the  tendency  to  expansion, 
which,  within  certain  limits,  is  proportional  to  the  increased  temperature. 

Consequences. — Under  the  first  of  these  two  conditions,  where  the  space  occupied  by  the  steam, 
though  remaining  perceptibly  unaltered,  is  gradually  charged  with  fresh  quantities  of  vaporized 
water  as  the  temperature  and  tension  increase,  it  is  ev  ident  that  the  density  of  that  steam  must 
vary  also,  which  is  not  the  case  under  the  second  condition,  where  it  teuds  only  to  expand,  but 
receives  no  additional  charge.  The  peculiar  density  of  steam  is  derived,  therefore,  from  the  first 
condition,  wherein  each  new  tension  corresponds  to  fresh  quantities  of  vaporized  water. 

We  are  indebted  to  Gay-Lussac  for  the  most  complete  notions  on  this  subject.  The  experi- 
mental researches  made  by  that  illustrious  savant  enabled  him  to  construct  a  formula  by  the  aid 
of  which  he  calculated  a  table  of  densities,  taking  those  by  MM.  Arago  and  Dulong,  touching  the 
relation  between  temperature  and  tension,  as  the  base  of  his  operations. 

In  order  thoroughly  to  understand  the  application  of  densities,  it  must  be  remembered, 

1st.  That  the  said  densities  correspond  to  the  volumes  occupied  by  the  steam  when  at  its 
maximum  of  elastic  force,  after  which  any  mechanical  compression  would  cause  it  to  return  to  the 
liquid  state  ; 

2nd.  That  a  given  weight  of  steam  is  exactly  equal  to  that  of  the  water  whence  it  was 
formed. 

Table  I. — Of  the  Densities*  and  Volumes  of  Steam  at  its  Maximum  of  Elastic  Force, 

FEOM   0   TO   100   DEGKEES. 


The  density 

of  water  at  0°  being 

taken  as  unity. 

Tempera- 
ture. 

Tension  in 
millimètres. 

Density.  . 

Volume. 

Tempera- 
ture. 

Tension  in 
millimètres. 

Density. 

Volume. 

0 

5-059 

0-00000540 

182323 

23 

20-577 

2021 

49487 

1 

5-393 

573 

174495 

24 

21-805 

2133 

46877 

2 

5-748 

609 

164332 

25 

23-090 

0- 00002252 

44411 

3 

6-123 

646 

154342 

26 

24*452 

2376 

42084 

4 

6-523 

686 

145886 

27 

25-881 

2507 

39895 

5 

6-947 

727 

137488 

28 

27-390 

2643 

37838 

6 

7-396 

772 

129587 

29 

29-045 

2794 

35796 

7 

7-871 

818 

122241 

30 

30-643 

2938 

34041 

8 

8-375 

867 

115305 

31 

32-410 

3097 

32291 

9 

8-909 

919 

108790 

32 

34-261 

3203 

30650 

10 

9-475 

0-00000974 

102670 

33 

36-188 

3435 

29112 

11 

10-074 

0-00001032 

99202 

34 

38-254 

3619 

27636 

12 

10-707 

1092 

91564 

35 

40-404 

3809 

26253 

13 

11-378 

1157 

86426 

36 

42-743 

4017 

24897 

14 

12-087 

1224 

81686 

37 

45-038 

4219 

23704 

15 

12-837 

1299 

77008 

38 

47-579 

0- 00004442 

22513 

16 

13-630 

1372 

72913 

39 

50-147 

4066 

21429 

17 

14-468 

1451 

68923 

40 

52-998 

4916 

20343 

18 

15-353 

1534 

65201 

41 

55-772 

5156 

19396 

19 

16-288 

1622 

61654 

42 

58-792 

5418 

18459 

20 

17-314 

1718 

58224 

43 

61-958 

5691 

17572 

21 

18-317 

1811 

55206 

44 

65-627 

6023 

16805 

22 

19-417 

1914 

52260 

45 

68-751 

6274 

15938 
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Table  I. — Of  the  Densities  and 

Volumes 

of  Steam, 

&c. — continued. 

Tempera- 
ture. 

Tension  in 
millimètres. 

Density. 

Volume. 

Tempera- 
ture. 

Tension  in 
millimètres. 

Density. 

Volume. 

46 

72-393 

6585 

15185 

74 

273-030 

22794 

4387 

47 

76-205 

6910 

14472 

75 

285-070 

23789 

4204 

48 

80-195 

7242 

13809 

76 

297-570 

24702 

4048 

49 

84-370 

7602 

13154 

77 

310-490 

25699 

3891 

50 

88-742 

0-00007970 

12546 

78 

323-890 

26739 

3741 

51 

93-304 

0-00008354 

11971 

79 

337-760 

27789 

3599 

52 

98-075 

8753 

11424 

80 

352-080 

0-00028889 

3462 

53 

103-060 

9174 

10901 

81 

367-000 

30025 

3331 

54 

108-270 

0-00009606 

10410 

82 

382-380 

31195 

3206 

55 

113-710 

0-00010054 

9946 

83 

398-280 

32399 

3087 

56 

119-390 

10525 

9501 

84 

414-730 

33637 

2973 

57 

125-310 

11011 

9082 

85 

431-710 

34916 

2864 

58 

131-500 

11523 

8680 

86 

449-260 

36237 

2760 

59 

137-940 

12044 

8303 

87 

467-380 

37590 

2660 

60 

144-660 

12599 

7937 

88 

486-090 

38984 

2565 

61 

151-700 

13179 

7594 

89 

505-380 

40117 

2474 

62 

158-960 

13760 

7267 

90 

525-280 

41891 

2387 

63 

166-560 

14374 

6957 

91 

545-800 

0-00043405 

2304 

64 

174-470 

15010 

6662 

92 

566-950 

44956 

2224 

65 

182-710 

15668 

6382 

93 

588-740 

46556 

2148 

66 

191-270 

16356 

6114 

94 

611-180 

48201 

2075 

67 

200-180 

17060 

5860 

95 

634-270 

49886 

2005 

68 

209-440 

17797 

5619 

96 

658-050 

51613 

1938 

69 

219-060 

18566 

5386 

97 

682-590 

53388 

1873 

70 

229-070 

19355 

5167 

98 

707-630 

55191 

1812 

71 

239-450 

20174 

4957 

99 

733-460 

57055 

1751 

72 

250-230 

21013 

4759 

100 

760-000 

0-00058955 

1696 

73 

261-430 

21889 

4569 

1 

Table  II. — The  Densities  and  Volumes  of  Steam 

FKOM   1 

to  50  Atmospheres. 

Elastic 

Elastic 

Force 

Force 

Temperature. 

expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

Temperature. 

expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

100 

1 

0-0005895 

1696 

193-7 

13 

0-006107 

163-74 

112-2 

1-5 

0 

0008563 

1167-8 

197 

2 

14 

0 

006527 

153 

10 

121-4 

2 

0 

0011147 

897*9 

200 

5 

15 

0 

006944 

144 

00 

128-8 

2-5 

0 

0013673 

731-39 

203 

6 

16 

0 

007359 

135 

90 

135-1 

3 

0 

0016150 

619-19 

206 

6 

17 

0 

007769 

128 

71 

140-6 

3-5 

0 

0018589 

537-96 

209 

4 

18 

0 

008178 

122 

28 

145-4 

4 

0 

0020997 

476-26 

212 

1 

19 

0 

008583 

116 

51 

149-1 

4-5 

0 

0023410 

427-18 

214 

7 

20 

0 

008986 

111 

28 

1531 

5 

0 

0025763 

388-16 

217 

2 

21 

0 

009387 

106 

53 

156-8 

5-5 

0 

0028091 

355-99 

219 

6 

22 

0 

009785 

102 

19 

160-2 

6 

0 

0030402 

328-93 

221 

9 

23 

0 

010182 

98 

21 

163-5 

6-5 

0 

0032683 

305-98 

224 

2 

24 

0 

010575 

94 

56 

166-5 

7 

0 

0034981 

286-12 

226 

3 

25 

0 

010968 

91 

17 

169-4 

75 

0 

0037217 

268-82 

236 

2 

30 

0 

012903 

77 

50 

172-1 

8 

0 

0039434 

253-59 

244 

8 

35 

0 

014663 

68 

20 

177-1 

9 

0 

0043865 

227-98 

252 

5 

40 

0 

016644 

60 

08 

181-6 

10 

0 

•0048226 

207-36 

259 

•5 

45 

0 

018497 

54 

06 

186-0 

11 

0 

•0052557 

190-27 

265 

9 

50 

0-020306 

49-31 

190-0 

12 

0-0050834 

175-96 

Table  III. — The  Densities  and  Volumes  of  Steam  from  100  to  1000  Atmosphères. 


Elastic 

Elastic 

Force 

Force 

Temperature. 

expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

Temperature. 

expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

311-36 

100 

0-037417 

26  72 

462-71 

600 

0- 17791 

5-621 

363-58 

200 

o-oos(  ;:;.") 

14-570 

478-45 

700 

0  20318 

4-921 

397  65 

300 

0-097671 

10-238 

492-47 

800 

0-2279 

4-387 

423-57 

400 

0-12534 

7-978 

505-16 

900 

0-2522 

3-965 

444-70 

500 

0-15202 

6  578 

516-76 

1000 

0-270 

3  622 
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The  use  of  these  Tables  is  easily  understood.  For  the  present,  let  it  be  observed  that,  as  all 
the  values  have  not  been  derived  from  actual  experiments,  it  is  possible  that  some  may  not  be 
in  strict  accord  with  real  facts  ;  but,  as  they  set  forth  this  property,  that  the  density  of  steam 
increases  with  the  tension  and  temperature,  we  conclude  therefrom  that,  with  a  temperature 
sufficiently  high,  it  is  probable  that  it  would  equal  that  of  water  ;  that  is  to  say,  that  a  certain 
quantity  of  water  might  pass  to  the  state  of  steam  without  augmentation  of  volume;  "in  which 
case  it  would  have,"  says  M.  Pouillet,  in  his  excellent  '  Treatise  on  Physics,'  "  a  tension  of  several 
hundreds — perhaps  of  several  thousands — of  atmospheres."  We  learn  from  that  savant  that  an 
experiment  has  been  made  by  M.  Cagnard  de  la  Tour  demonstrating  a  fact  that  seems  to  be  an 
approach  towards  that  hypothetical  result.  It  is  thus  :  a  strong  glass  tube  is  filled  to  be  a  quarter 
of  its  capacity  with  water  ;  this  done,  it  is  exhausted  of  air  and  sealed  hermetically.  It  is  then 
exposed  to  a  gradually-increasing  temperature,  when,  on  arriving  at  a  certain  temperature,  the 
water  seems  to  vanish  altogether,  and  the  tube  appears  empty  ;  but,  on  slightly  cooling,  the  liquid 
returns  almost  suddenly  ...  ;  this  effect  is  produced  at  a  temperature  nearly  equal  to  that  which 
causes  the  fusion  of  zinc,  or  360  degrees  centigrade.  In  other  terms,  the  whole  of  the  water 
vaporizes  in  a  space  only  four  times  its  volume  ! 

The  Ebullition  of  Water. — In  order  that  the  fundamental  properties  of  the  formation  of  steam 
may  be  well  understood,  it  is  necessary  that  the  phenomenon  of  ebullition  be  fully  explained  : 
but,  as  that  explanation  would  not  have  been  intelligible  without  a  portion  of  the  preceding 
notions,  we  have  been  compelled  to  give  them  first. 

Everybody  knows  what  takes  place  when  we  heat,  during  a  sufficient  length  of  time,  a  vessel 
containing  water  in  free  communication  with  the  atmosphere.  At  first,  a  vapour  is  seen  to  rise 
that  seems  to  emanate  from  the  surface  of  the  liquid,  getting  more  and  more  intense  as  the  water 
becomes  warmer.  Then  a  tremor  of  the  surface  is  produced,  accompanied  by  a  peculiar  noise 
which  has  been  called  the  singing  of  the  liquid  ;  and  finally  bubbles,  similar  to  air-bubbles,  form 
in  that  part  of  the  vessel  that  is  nearest  to  the  fire,  then  rise  to  the  surface,  where  they  burst, 
giving  forth  fresh  vapour.  Those  bubbles  are  nothing  else  than  certain  molecules  of  the  liquid 
being  transformed  into  steam,  and  which,  meeting  with  an  equal  pressure  on  all  sides,  from  the 
water  itself  and  from  the  atmosphere,  offers  an  equal  resistance  in  return,  and  so  assume  the 
spherical  form  in  which  they  are  seen  to  ascend. 

Now,  an  immediate  consequence  may  be  drawn  from  the  simple  observation  of  this  fact,  which 
is,  that  the  pressure  of  the  steam,  in  order  that  it  may  form  these  bubbles,  must  be  greater  than 
that  of  the  liquid  mass  and  of  the  atmosphere  acting  upon  its  surface.  Consequently,  if  that 
pressure,  which  we  will  designate  as  that  of  ebullition,  corresponds  to  an  ascertained  fixed 
temperature,  it  is  evident  that— the  atmospheric  pressure  remaining  unchanged — the  liquid  must 
always  reach  that  temperature  before  the  ebullition  can  manifest  itself. 

That,  in  fact,  is  rigidly  what  takes  place.  Every  time  that  water  boils  in  the  open  air,  its 
temperature  is  always  the  same  with  a  uniform  barometrical  pressure.  If  it  has  been  found  that 
water  at  100  degrees  centigrade  generates  steam  under  the  atmospheric  pressure,  it  is  simply 
because  we  have  chosen  to  mark  the  hundredth  degree  of  the  centigrade  thermometer  under  a 
barometrical  pressure  of  76  centimètres  of  mercury. 

The  ebullition  of  a  liquid  can,  therefore,  only  take  place  so  long  as  the  steam  it  is  capable  of 
emitting  balances  the  united  pressures  of  the  ambient  medium  wherein  it  is  situated,  and  of  its 
own  mass  or  load  above  the  surface  heated. 

This  definition  of  the  phenomenon  suffices  to  show  that  the  degree  of  temperature  at  which 
the  ebullition  of  a  liquid  may  be  produced  is  variable,  and  changes  according  to  the  pressure 
of  the  medium,  since  vaporization  takes  place  at  any  degree.  If  a  perfect  vacuum  could  be 
established,  and  water  at  the  freezing-point  placed  in  it,  it  would  immediately  begin  to  boil  ;  but, 
in  practice,  it  is  never  perfect,  so  that  ebullition  only  takes  place  at  a  few  degrees  above  zero. 
On  the  summit  of  Mont  Blanc,  where  the  atmospheric  pressure  is  reduced  from  760  millimètres 
to  about  417,  measuring  by  the  barometer  from  the  level  of  the  sea,  water  would  begin  to  boil 
at  the  temperature  of  84  degrees,  at  which,  as  we  have  shown  in  one  of  the  foregoing  Tables, 
page  415,  the  elastic  force  of  steam  is  equal  to  414  millimetres,  or  a  little  more  than  half  the 
pressure  of  an  atmosphere. 

Finally,  the  greater  the  pressure  to  which  water  is  subjected,  the  greater  is  its  heat  when 
boiling,  and  vice  versa  ;  that  is  why  the  temperature  of  boiling  water  is  higher  in  a  valley  than  on 
a  mountain.  Let  us  add,  by  way  of  corollary,  that,  the  conditions  being  similar,  the  expansive 
force  of  the  steam  of  all  liquids  is  equal  at  the  moment  of  ebullition.  This  is  an  axiom,  since  the 
very  fact  of  the  ebullition  sufficiently  testifies  that  the  elastic  force  of  the  steam  has  become  equal 
to  that  of  the  medium  in  which  it  has  formed. 

Fixity  of  the  Temperature  at  Boiling-point. — At  whatsoever  temperature  ebullition  may  be  pro- 
duced, so  long  as  it  continues  that  temperature  remains  unchanged  ;  in  other  words,  the  liquid 
ceases  to  become  heated  the  instant  it  begins  to  boil,  always  provided  that  the  pressure  of  the 
medium  undergoes  no  alteration.  This  fact  is  easily  explained  if  we  reflect  that,  as  the  liquid 
has  acquired  a  temperature  at  which  it  can  no  longer  subsist  without  change  of  state,  all  fresh 
quantities  of  caloric  supplied  are  absorbed  by  the  formation  of  steam.  Therefore,  under  the 
ordinary  conditions  in  which  we  boil  water,  it  acquires,  when  pure,  a  temperature  of  100  degrees, 
and  retains  it  without  variation.  In  reality,  it  would  only  reach  that  temperature  on  a  level  with 
the  sea  ;  but  in  most  European  towns,  which  are  necessarily  higher,  it  does  not  exceed  99  ■  8  degrees. 
This  difference  is  unimportant  with  regard  to  the  point  under  consideration. 

In  order  to  increase  the  temperature,  it  would  be  necessary  to  create  an  artificinl  atmosphere 
of  proportionally  greater  pressure  than  the  ambient  one,  which  is  precisely  what  is  obtained,  in 
the  case  of  steam-engines,  by  hermetically  closing  the  vessel  that  contains  the  liquid.  The  steam 
that  is  disengaged  then  becomes  compressed,  and  prevents  the  generation  of  further  quantities 
except  under  a  higher  temperature.    That  is  what  took  place  in   the    experiments  made  by 
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853. 


MM.  Arago  and  Dulong  to  which  we  have  previously  alluded.  We  may  add  that,  if  the  vessel  in 
which  the  water  is  vaporized  remains  closed,  without  any  expenditure  of  steam,  the  ebullition 
cannot  even  be  effected,  as  the  pressure,  increasing  every  moment,  prevents  the  formation  of  the 
bubbles. 

Papin's  Saucepan. — To  obtain  an  experimental  demonstration  of  this  phenomenon,  the  apparatus 
known  by  the  name  of  Papiri' s  Saucepan,  after  its  inventor,  may  be  used.  That  apparatus  consists 
simply  of  a  vessel  A,  Fig.  853,  made  of  metal,  and  having  very 
great  power  of  resistance.  It  is  perfectly  closed,  with  the  excep- 
tion of  a  small  hole  in  the  lid,  fitted  with  a  valve  which  a  lever  B, 
disposed  like  a  Eoman  balance,  keeps  securely  in  its  place.  This 
arrangement  is  well  known,  being  none  other  than  that  of  the 
actual  safety-valve,  which  is  composed  of  the  lever  whose  pres- 
sure is  exerted  upon  the  valve  o,  situated  between  its  articulated 
attachment  and  the  weight  C  at  its  other  extremity.  The  valve, 
therefore,  can  only  rise  out  of  its  place  by  overcoming  the  resist- 
ance opposed  by  the  lever  in  virtue  of  its  load  and  the  ratio  of 
the  two  arms. 

The  lid  of  the  vessel  A  is  also  very  firmly  secured  by  means 
of  a  fastening  D,  bent  in  the  form  of  an  arc,  and  supplied  with 
a  pressure-screw,  by  the  aid  of  which  the  lid  is  made  to  press 
hermetically  upon  the  edge  of  the  vase,  care  having  been  taken 
to  insert  between  the  two  a  round  of  soft  metal  for  that  purpose. 

The  apparatus  being  thus  constructed  so  as  to  resist  a  strong 
internal  pressure,  it  is  filled  to  about  one-third  of  its  capacity 
with  water,  and  placed -over  a  fire  after  being  carefully  closed. 
Gradually  the  temperature  of  the  water  begins  to  increase  ;  but, 
as  the  steam  that  forms  is  unable  to  escape,  except  upon  the  con- 
dition that  its  pressure  is  capable  of  opening  the  valve,  it  becomes  compressed,  and  soon  the  ebul- 
lition is  unable  to  proceed. 

If,  at  the  moment  when  the  internal  pressure  appears  to  reach  that  point  where  it  is  likely  to 
raise  the  valve,  the  latter  be  opened,  or  a  cock  attached  to  the  lid  be  suddenly  turned  on,  the 
ebullition  immediately  manifests  itself,  and  the  steam  escapes  with  impetuosity  in  the  form  of  a 
jet  which  may  reach  a  height  of  eight  or  ten  mètres,  according  to  the  amount  of  pressure  within 
the  vessel.  The  liquid  cools  to  100  degrees,  and  soon  the  whole  of  it  goes  off  in  steam,  provided 
that  the  action  of  the  fire  be  continued  sufficiently  long,  and  that  the  valve  or  cock  be  left  open. 

The  pressures  to  which  the  steam  may  reach  under  this  condition  are  very  considerable,  and 
depend,  moreover,  upon  the  weight  wherewith  the  valve  is  loaded. 

Without  enlarging  upon  the  details  that  will  be  given  later  touching  this  important  apparatus, 
we  may  at  once  make  a  few  remarks  as  to  the  con- 
ditions that  have  to  be  fulfilled  in  order  that  it  may  854. 
meet  a  given  pressure. 

Fig.  854  shows  the  arrangement  of  the  safety- 
valve,  where  we  will  call  B  the  distance  from  the 
centre  of  articulation  to  the  centre  of  the  weight,  or 
the  long  arm  of  the  lever  ;  6,  the  distance  from  the 
same  point  to  the  centre  of  the  valve,  or  the  short 
arm  of  the  lever  ;  d,  the  diameter  of  the  orifice  closed 
by  the  valve  ;  p,  the  intensity  of  the  weight  sus- 
pended from  the  lever  ;  P,  the  total  upward  pressure 
exerted  by  the  steam  upon  the  valve  over  a  circular 
surface  whose  diameter  is  d. 

We  first  of  all  find,  by  the  arrangement  of  the  lever,  and  in  accordance  with  its  general  pro- 

perties,  that  the  downward  pressure  P'  which  it  exerts  upon  the  valve  is  equal  to  P'  =  p  x  —, 


supposing,  for  the  moment,  the  lever  itself  to  be  without  weight. 

In  order  that  the  valve  may  be  kept  iu  its  place  until  the  given  pressure  has  been  attained,  it 
is  necessary  that  the  efforts  P'  and  P  be  equal.  But  the  effort  P  is  always  easily  known,  for  it 
results  from  the  said  pressure  and  the  diameter  of  the  orifice  d,  whose  area  may  be  calculated. 

Consequently,  the  ojDeration  resolves  itself  into  finding  the  effort  P,  by  means  of  the  conditions 
laid  down,  and  substituting  it  for  P'  in  the  preceding  equation,  which  will  enable  us  to  calculate 
one  of  the  three  dimensions  p,  B,  or  b,  the  two  others  being  fixed  a  priori. 

Example. — Be  it  required  to  find  the  conditions  of  a  valve  having  to  bear  a  pressure  of 
20  atmospheres. 

Let  us  suppose  the  diameter  d  of  the  orifice  to  be  equal  to  1  centimètre. 
„  „  long  ¿arm  B  of  the  lever  „  30  „ 

„  „  short  arm  d  of  the  lever  „  2  „ 

what  will  be  the  intensity  of  the  weight  ? 

A  pressure  of  20  atmospheres  represents  an  effort  equal  to  lk,0333  x  20  =  20v- 666  for  every 
centimetre  square;  consequently,  the  diameter  of  the  valve  being  1  centimetre,  the  pressure 
exerted  upon  it  will  be  equal  to  the  product  of  the  corresponding  section,  in  square  centimètres,  by 
the  above  pressure,  from  which  pressure  we  must  deduct  that  necessarily  exerted  downwards  by 
the  external  atmosphere,  and  which  is  equal  to  1. 

We  therefore  have  for  the  effective  effort  P, 

P  =  (20  -  1)  1-0333  x  0-7854  x  l2  =  15  42  kilogrammes. 
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From  this  it  results  that  adapting  the  preceding  relation  with  p  for  the  unknown  quantity,  we 

b  2 

shall  have  for  its  value,  p  =  P'  or  P  —  =  15k  ■  42  x  —  =  1  •  028  kilogramme. 

x>  ¿>U 

In  conclusion,  it  will  be  observed  that  the  displacement  of  the  weight  upon  the  lever  would  be 
sufficient  to  alter  the  conditions  of  the  problem,  and  consequently  the  result,  since  the  arms  of  the 
lever  would  no  longer  bear  the  same  ratio  to  one  another. 

The  valve,  then,  is  the  only  cause  that  limits  the  pressure  which  the  steam  may  acquire  in  the 
experiment  of  Papin's  saucepan  ;  apart,  of  course,  from  the  capability  of  resistance  of  the  vessel 
itself.  By  this  method  pressures  of  40  and  even  50  atmospheres  have  been  obtained,  that  is  to 
say,  steam  exerting  the  enormous  effort  of  50  kilogrammes  on  the  square  centimètre,  or  500,000 
kilogrammes  on  the  square  mètre. 

Influence  of  Substances  in  Dissolution  upon  the  Temperature  of  the  Boiling-point. — Among  the  several 
causes  that  intervene  sometimes  to  modify  by  a  few  degrees  the  ebullition  of  water,  the  pressure  of 
the  medium  remaining  the  same,  we  may  cite  salts  and  other  substances  in  dissolution,  which 
retard  the  boiling-point  to  a  certain  extent,  according  to  the  degree  of  saturation.  Thus,  water 
saturated  with  sea-salt  is  hotter  at  the  moment  of  ebullition  than  when  it  is  pure,  or  even  when  it 
contains  merely  bodies  in  suspension  that  are  not  chemically  combined  with  it. 

Considered  from  the  purely  practical  noint  of  view  that  occupies  us  at  present,  this  phenomenon 
has,  however,  no  very  great  importance  ;  since,  supposing  the  saturation  to  be  complete,  which  is 
rarely  the  case  with  water  used  for  steam-engines,  the  temperature  of  the  boiling-point  is  increased 
only  by  9  degrees.  Marine  engines,  and  certain  permanent  engines  situated  near  the  sea,  are  fed, 
however,  from  its  waters,  which  contain  salt  in  large  proportions.  But,  in  this  case,  the  principal 
objection  is  not  the  alteration  of  temperature,  but  the  danger  of  explosion  from  the  deposits  that 
would  form  were  the  generator  not  kept  constantly  clean. 

Method  of  Vaporizing  a  Liquid  that  contains  Foreign  Matter. — When  a  liquid  containing  foreign 
matter,  in  a  state  of  mixture,  but  without  chemical  combination,  is  subjected  to  heat,  the  vapori- 
zation takes  place  in  succession  for  each  of  the  substances  forming  the  mixture,  and  in  the  order 
of  temperature  that  corresponds  with  its  respective  boiling-point. 

If,  for  instance,  we  expose  water  containing  substances  more  volatile  than  itself  to  the  action  of 
heat,  those  substances  will  be  liberated  first,  while  the  mass  of  the  liquid  remains  at  the  tempe- 
rature that  suits  their  ebullition  ;  then,  when  they  have  disappeared,  the  temperature  of  the  water 
will  begin  to  rise  till  it  reaches  the  boiling-point. 

In  the  opposite  case,  where  the  substances  are  less  volatile  than  water,  the  latter  vaporizes  first, 
at  the  temperature  suited  to  its  ebullition,  under  reserve  of  the  slight  modification  that  may  result 
from  the  mixture  or  the  dissolution,  as  above  mentioned. 

This  fact  will  be  very  easily  understood  by  observing  that  so  soon  as  the  liquid  mass  has 
acquired  the  temperature  necessary  for  the  ebullition  of  the  most  volatile  of  the  liquids  composing 
the  mixture,  in  order  that  the  latter  may  be  vaporized,  it  absorbs  all  the  fresh  quantities  of  heat 
supplied,  and  which  are  thus  prevented  co-operating  in  elevating  the  temperature  of  the  entire 


Therefore  is  it  that  vaporized  water  is  considered  pure,  whatever  may  have  been  the  foreign 
matter  held  in  solution,  since  this  last  either  has  or  will  disappear,  but  never  at  the  same  time  as 
the  water. 

Such  are  at  least  the  practical  conditions  we  have  to  take  into  consideration  regarding  the 
subject  that  occupies  our  present  attention.  Steam-engines  present  constant  examples  of  the  prin- 
ciple whereby  water  is  isolated,  by  vaporization,  from  the  substances  mixed  with  it  or  held  in 
solution.  Everybody,  indeed,  is  aware  of  the  fact  of  the  incrustation  of  steam-boilers  by  the  sedi- 
mentary deposits  resulting  from  the  continued  abandonment  by  the  water,  as  it  vaporizes,  of  the 
various  calcareous  and  saline  substances  which  it  contains  in  different  proportions.  The  feeding 
of  boilers  with  sea- water  gives  rise  to  considerable  deposits  of  sea-salt,  separated  from  the  water  at 
the  moment  of  vaporization.  This  is  what  gives  rise  to  those  repeated  cleansings  so  indispensable 
for  the  avoidance  of  accidents. 

Condensation  of  Steam. — "What  is  called  the  condensation  of  steam  is  its  return  to  the  liquid 
state.  We  have  already  seen  that  a  slight  compression  beyond  its  maximum  of  elastic  force  is  suffi- 
cient to  restore  it  to  that  state,  either  in  part  or  in  totality,  according  as  the  compression  is 
momentary,  or  continued  until  the  volume  of  fluid  is  reduced  to  that  which  it  occupied  when  in 
the  liquid  form  ;  of  course,  without  any  addition  of  heat.  But  in  engines,  it  is  not  after  this 
fashion,  which  is  in  reality  the  liquefaction  of  steam,  that  its  destruction  is  effected. 

Condensation  consists  in  cooling  the  steam  by  means  of  a  certain  quantity  of  cold  water  that 
takes  up  the  heat  that  maintained  it  in  the  condition  of  an  elastic  fluid,  yielding  as  result  an 
amount  of  warm  water,  the  steam  from  which  has  an  elastic  force  very  considerably  less  than 
that  which  has  been  destroyed,  and  may  be  rendered  as  feeble  as  can  be  desired,  according  to 
the  volume  and  temperature  of  the  cold  water  added. 

This  property  of  condensation  is  of  the  highest  importance,  since  it  enables  us  to  get  rid,  almost 
instantaneously,  of  the  potent  fluid  that  has  just  produced  an  effect,  but  would  afterwards  neu- 
tralize it  if  allowed  to  retain  its  expansive  properties.  The  only  thing  needed  to  render  atmospheric 
air  and  other  gases  motive  agents  susceptible  of  replacing  steam  with  advantage,  is  the  capability 
of  easy  condensation,  since  they  exist  naturally  in  the  state  of*  elastic  fluids  under  the  ordinary 
temperature. 

It  will  be  shown  shortly  how  powerful  engines  have  been  constructed,  with  the  atmospheric 
pressure  for  motive  agent,  and  using  steam  as  an  auxiliary  power,  but  one  possessing  the  valuable 
property  of  being  destroyed,  leaving  a  vacuum  wherein  the  surrounding  atmosphere  can  aet  with 
irresistible  force.  t 

Absorption.— We  will  conclude  this  outline  of  the  phenomenon  of  condensation  by  citing  an 
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experiment  known  to  physicists  under  the  name  of  absorption,  designed,  in  the  first  place,  to 
demonstrate  the  faculty  we  possess  of  creating  a  vacuum  by  means  of  the  condensation  of  steam  ; 
and,  in  the  next,  to  caution  us  against  the  accidents  that  may  result  from  that  selfsame  property. 

In  chemical  experiments,  and  in  many  industrial  operations,  an  apparatus  is  used  analogous  in 
arrangement  to  that  represented  in  Fig.  855.  This  arrangement  consists  of  a  closed  receiver  A, 
placed  over  a  furnace  B,  and  containing  a  liquid 
that  has  to  boil  ;  then  a  pipe  D  that  starts  from 
the  receiver  and,  descending,  plunges  into  a 
vessel  C,  containing  some  cold  liquid,  such  as 
water,  through  which  the  steam  disengaged  from 
the  receiver  A  has  to  pass. 

As  soon  as  ever  the  ebullition  commences,  the 
steam  that  is  generated  expels,  by  degrees,  the 
air  contained  in  the  apparatus,  and  forces  it  to 
escape  by  the  pipe  D,  driving  the  liquid  before 
it,  whose  level  is  necessarily  the  same  in  the  tube 
and  in  the  vessel  ;  and  finally  passes  through  the 
tube  itself,  rising,  in  the  form  of  bubbles,  through 
the  water  contained  in  the  open  vessel.  The  air 
being  completely  expelled,  the  apparatus  is  now 
filled  with  steam  only.  Things  being  in  this  state, 
if  we  extinguish  the  fire  and  continue  to  keep 
a  free  communication  between  the  two  vessels 
through  the  pipe  D,  the  steam  will  gradually 
cool,  losing  a  portion  of  its  elastic  force.  But,  as 
that  elastic  force  was  the  only  thing  that  balanced  the  atmospheric  pressure  plus  that  of  the  height 
of  the  water  in  the  vessel  C,  the  excess  of  that  external  pressure  begins  to  manifest  itself  by  the 
rising  of  the  water  in  the  pipe  D.  As  the  cooling  goes  on,  the  pressure  of  the  steam  continues  to 
diminish  and  the  water  to  ascend  in  the  tube  till  it  reaches  the  top  and  finally  penetrates  the  body 
of  steam  still  remaining  in  the  boiler  A.  At  this  juncture  the  whole  of  the  steam  is  soon  com- 
pletely destroyed  and  a  vacuum  is  created,  that  is  to  say,  an  absence  of  all  expansible  fluid.  "We 
then  see  the  water  continue  rising,  but  this  time  with  impetuosity,  until  the  entire  apparatus  is 
filled,  if  the  water  in  the  vessel  C  be  sufficient  for  the  purpose. 

This  effect,  so  simple  to  understand,  is  produced  every  time  that  a  capacity  containing  steam 
is  placed  in  communication  with  a  reservoir  of  liquid  with  a  sufficient  pressure,  and  that  the  steam 
is  destroyed  by  condensation — on  condition,  however,  that  the  pressure  of  the  column  of  water  in 
the  tube,  if  full,  exceed  not  that  supported  by  the  liquid  in  the  open  vessel.  In  the  foregoing 
experiment  it  is  certain  that  if  the  distance  between  the  level  of  the  water  in  the  vase  C  and  the 
horizontal  portion  of  the  pipe  D  had  exceeded,  vertically,  ten  mètres,  the  water  in  the  reservoir 
could  never  have  entered  the  boiler,  and  the  vacuum  would  have  remained. 

Therefore,  if  absorption  is  a  thing  to  be  feared,  a  vacuum  is  not  less  so,  since  the  atmospheric 
pressure,  that  has  the  power  of  raising  the  water  from  the  lower  to  the  upper  reservoir,  may  like- 
wise burst  in  the  latter,  if  it  be  exhausted  and  have  not  sufficient  strength  of  resistance.  When- 
ever there  is  danger  of  such  an  accident  occurring,  it  is  remedied  by  means  of  a  small  valve, 
opening  inwards,  which  allows  the  air  to  re-enter  the  apparatus.  To  prevent  absorption,  a  cock  E 
may  be  employed,  which  should  be  closed  before  the  condensation  of  the  steam. 

"We  see,  then,  that  the  condensation  of  steam  is  the  means  of  creating  a  vacuum  and  raising 
almost  any  volume  of  liquid  to  a  height  corresponding  to  the  atmospheric  pressure,  and  which 
varies  according  to  the  density  of  the  liquid  used.  Effectually,  what  we  have  been  signalizing  as 
accidents,  constitute,  in  many  cases,  most  valuable  resources  in  their  practical  application. 

Calorific  Action  in  the  Formation  of  Steam. — Caloric,  or  heat,  is  the  chief  agent,  or,  to  express 
ourselves  more  appropriately,  the  sole  apparent  cause  of  the  phenomena  of  dilatation  and  the 
change  of  state  that  bodies  undergo  ;  for,  by  penetrating  the  mass  of  constitutive  molecules,  it 
compels  them  to  separate,  and  widens  the  interstices  that  seem  naturally  to  exist  between  them. 
This  external  fact  might  be  defined  by  saying  that  heat  repulses  the  molecules  of  a  body  from  eacli 
other  in  order  to  make  room  for  itself,  and  establish  an  equilibrium  between  its  own  intensity  and 
that  of  the  medium  or  space  occupied  by  the  mass  of  the  body  ;  and  that  the  result  of  this  inter- 
vention is  an  effort  of  repulsion  equal  and  opposed  to  the  cohesive  force  of  the  molecules  them- 
selves. 

We  conclude,  from  this  definition  as  well  as  from  the  observed  fact,  that  the  greater  the  amount 
of  heat  so  much  greater  is  the  effect  of  repulsion.  Finally,  this  distension  of  the  molecules  by  an 
excessive  quantity  of  heat,  after  producing  simple  expansion  or  augmentation  of  volume,  results  in 
a  change  of  state  ;  that  is  to  say,  that  from  solid  a  body  becomes  liquid,  and  from  liquid  it  passes 
into  the  gaseous  state  or  steam. 

It  must  not,  however,  be  supposed,  because  this  second  change,  as  regards  liquids,  takes  place 
in  vacuum  without  any  apparent  intervention  of  heat,  that  that  intervention  is  wanting.  It  would 
be  an  error.  The  action  of  caloric  is  quite  as  real  as  in  any  other  mode  of  forming  steam  ;  and,  as 
we  have  already  remarked,  the  only  result  of  a  vacuum  is  to  give  rise  instantaneously  to  what 
would  have  taken  place  but  slowly  in  the  open  air.  The  atmospheric  pressure  is  simply  an  effort 
to  be  overcome  by  larger  quantities  of  heat  in  order  to  create  steam  beneath  its  influence.  As  to 
the  heat  necessary  to  produce  the  phenomenon  in  a  barometer,  it  is  taken  from  the  liquid  mass  and 
from  the  instrument  itself,  instead  of  being  supplied  by  fire. 

There  is,  therefore,  no  exception  as  regards  the  formation  of  steam.  "Whatever  method  we 
make  use  of  in  order  to  produce  it,  caloric  always  intervenes,  and  with  the  same  intensity,  when 
the  tensions  are  the  same. 
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We  only  repeat  here  what  has  already  been  fully  demonstrated  in  the  preceding  secnons.  We 
now  pass  on  to  the 

Mechanical  Power  of  Steam. — The  reason  why  steam  is  used,  in  preference  to  permanent  gases, 
to  produce  motive  labour,  is  because  of  the  facilities  we  have  of  quickly  destroying  its  power  ; 
or,  in  general,  of  giving  it  a  tension  superior  to  that  of  the  medium  in  which  the  motor  works  to' 
which  it  is  applied.  For,  the  action  of  expansion  being  the  same  in  all  cases,  such  gases  could  be 
employed  as  motive  force  just  as  well  as  steam  were  it  equally  possible  to  increase  or  lessen  their 
pressure  without  expenditure  of  mechanical  force 

It  is  true  that  engines  have  been  constructed  worked  by  atmospheric  air  heated  ;  such  a  pro- 
cess is  quite  practicable  ;  but,  besides  the  question  of  economy,  it  is  much  more  difficult  to  deprive 
air  of  its  heat  after  doing  its  work  than  it  is  to  destroy  steam  by  condensation.  So  that,  up  to  the 
present,  the  latter  remains  master  of  the  field.  We  shall  now  endeavour,  therefore,  to  explain  the 
mechanical  properties  of  steam,  as  applied  to  motion,  observing,  at  the  same  time,  that  the  iden- 
tical reasoning  holds  good  in  the  case  of  any  permanent  gas. 

Work  Done  with  Full  Pressure. — It  has  been  seen  that,  when  steam  is  let  off  from  a  receiver  or 
reservoir  of  any  kind,  it  escapes  with  an  energy  the  intensity  of  which  depends  upon  its  own 
tension  and  that  of  the  medium  in  which  the  flow  takes  place.  The  escape  is,  indeed,  the  conse- 
quence of  the  pressure  exerted  by  the  steam  upon  all  points  of  the  receiver  containing  it  and 
particularly  upon  the  parts  surrounding  the  orifice. 

In  order  to  transform  this  property  into  motive  labour,  let  us  suppose  the  following  experiment  : 

A  vessel,  A,  Fig.  856,  full  of  steam  that  can  be  continuously  renewed  with  a  tension  greater 
than  that  of  the  ambient  medium,  is  furnished  with  a  vertical  tube  B  of  indefinite  length.    The 
latter  contains  a  column  of  mercury  resting  upon  a  small  piston  a,  while  a  stop-cock 
C  enables  the  communication  between  it  and  the  reservoir  to  be  cut  off. 

When  the  stop-cock  is  closed,  the  column  of  mercury  and  its  piston  or  diaphragm 
are  at  the  lower  end  of  the  tube,  and  rest  upon  the  cock  ;  but,  if  we  come  to  open 
this  last,  the  pressure  of  the  steam  will  exert  itself  beneath  the  mercury  and  en- 
deavour to  raise  it  in  order  to  make  its  escape.  The  result  of  this  action  will  be 
different,  however,  according  to  the  reciprocal  situation  of  the  elements. 

In  the  first  place,  if  the  column  of  mercury,  together  with  the  external  pressure 
which  it  has  to  bear,  be  equal  or  superior  to  the  pressure  exerted  by  the  steam  at 
its  base,  the  column  of  mercury  will  remain  stationary,  and  there  will  be  no  escape 
of  steam  ;  the  mercurial  column  fully  representing  the  resistance  opposed  to  the 
expansion  of  the  steam  by  the  sides  of  the  vessel. 

But  if  the  pressure  of  the  steam  be  the  greater  of  the  two,  the  column  of  mer- 
cury will  rise  in  the  tube  with  an  acceleration  uniformly  increasing  till  it  becomes 
equal  to  that  of  the  steam,  beyond  which  it  evidently  cannot  go. 

Consequently,  by  choosing  this  point  of  uniform  velocity,  we  have  not  only  the 
representation,  but  the  actual  measurement  of  a  certain  mechanical  work  per- 
formed, for  we  have  a  weight — that  of  the  column  of  mercury — raised  and  moving 
with  a  fixed  velocity  in  a  unity  of  time.  Thus  the  simple  pressure  of  the  steam 
is  transformed  into  a  real  dynamical  effect.  Now  it  is  not  at  all  necessary  to  sup- 
pose that  the  steam  has  acquired  the  full  velocity  due  to  its  tension,  for  it  may 
raise  -the  weight  with  a  uniform  velocity  as  slow  as  can  possibly  be  imagined.  To 
conceive  this,  let  us  examine  what  would  occur  in  the  case  under  consideration. 

In  the  first  place,  the  column  of  mercury,  being  inferior  in  weight  to  the  pres- 
sure of  the  steam,  will  rise  with  an  increasing  acceleration,  whose  more  or  less 
rapid  progression  will  depend  upon  the  greater  or  less  excess  of  the  power  over 
the  resistance. 

But,  if  we  re-establish  the  equilibrium  at  any  given  point  of  that  progression  by  the  addition 
of  a  small  quantity  of  mercury,  the  acceleration  will  cease,  and  the  velocity  will  preserve  the 
uniform  value  it  had  at  the  moment  of  that  re-establishment. 

From  this  observation  we  may  say,  as  in  the  case  of  hydraulic  motors,  that 

In  an  engine,  whose  motion  is  uniform,  the  moving  forces  and  the  resistances  arc  in  perfect 
equilibrium. 

The  same  experiment  shows,  likewise,  the  excess  of  force  expended  to  overcome  the  inertia  of 
a  body,  and  make  it  acquire  a  uniform  velocity  in  a  given  time. 

To  sum  up  the  foregoing  definition,  the  work  done  by  steam  is  also  measured  by  a  weight,  in 
kilogrammes,  moving  in  a  straight  line  at  the  rate  of  a  certain  uniform  velocity,  expressed  in 
mètres,  in  a  second  of  time. 

The  above  experiment  furnishes  us,  then,  with  the  exact  terms  of  the  problem,  wherein  the 
weight  of  mercury  raised,  plus  the  ambient  pressure  it  supports,  represents  the  resistance  over- 
come, and  which  must  be  equal  to  the  pressure  of  the  steam  at  the  base  of  the  column  at  the 
moment  that  uniform  velocity  takes  place. 

Therefore,  if  that  column  weighs,  atmospheric  pressure  included,  2  kilogrammes,  for  instance, 
with  an  area  at  the  base  equal  to  1  centimetre,  the  tension  of  the  steam  will  have  to  acquire  a 
similar  value  for  every  square  centimetre,  or,  at  an  approximation,  a  pressure  of  about  2 
atmospheres. 

If  the  velocity,  remaining  uniform,  were  equal  to  1  mètre  in  every  second  of  time,  the  lai  »our 
expended  would  be  2  kilogrammètres.  The  useful  work  would  be  half  that  quantity,  because  we 
suppose  the  atmospheric  pressure  to  form  half  the  resistance. 

Not  only  is  the  work  done  by  the  effort  exerted  by  steam  assimilative  to  the  simple  displace- 
ment of  a  weight,  but  the  quantities  of  steam  to  be  expended  may  also  be  measured  by  the 
amount  of  work  of  which  they  are  capable.  In  the  preceding  experiment  it  is  clear  that  for 
every  mètre  which  the  resistance  has  been  made  to  travel,  a  fresh  volume  of  steam,  measured  by 
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the  section  of  the  tube  and  that  distance,  has  had  to  be  supplied  by  the  reservoir.  Consequently, 
the  volumes  of  steam  expended  are  exactly  proportional  to  the  work  done,  which  itself  is  expressed 
by  the  distance  and  the  intensity  of  the  weight  raised,  while  this  latter,  again,  is  represented  by 
the  inferior  section  of  the  tube  and  the  pressure  of  the  steam  thereon.  But,  on  the  other  hand, 
as  the  pressure  depends  upon  the  tension  of  the  steam  and  the  area  of  the  section,  we  conclude  that 
the  volume  of  steam  expended  to  do  a  given  work  is  inversely  proportional  to  the  figure  of  its 
unity  of  effective  tension. 

Finally,  1  kilogrammètre  being  the  product  of  1  kilogramme  by  1  mètre,  corresponds  to  an 
expenditure  of  steam,  with  an  effective  tension  of  1  atmosphere,  equal  to  a  column  1  mètre  in 
height  by  1  centimètre  square  at  the  base,  barring  a  fraction  :  or  0  •  1  litre.  If  the  effective 
tension  were  double,  the  volume  would  be  one-half  less,  and  so  on. 

Consequently,  the  expression  for  calculating  the  dynamical  unity  of  volume  of  steam  may  be 
written  thus  :  Q-lk  k 


lk'0333P       10k-0333P' 
wherein  V  represents,  in  litres,  the  volume  of  steam  expended  ; 

k        „  the  quantity  of  work,  expressed  in  kilogrammètres  ; 

P        „  the  effective  pressure  of  the  steam,  that  is  to  say,  its  excess  over  that  of  the 

medium  opposed  as  resistance,  knowing  that  1  atmosphere  corresponds  to  an  exact  pressure  of 
1-0333  kilogramme  on  the  square  centimètre. 

Example. — What  volume  of  steam  would  have  to  be  expended  in  one  second  in  order  to 
produce  1000  kilogrammètres  of  work,  its  effective  pressure  being  equal  to  3  atmospheres  ? 
Solution. — We  find 

Y  =  ïw^=32-259Utres- 

It  is  evidently  the  same  with  this  value  as  with  that  which  corresponded  to  the  quantity  of 
steam  generated  for  every  kilogramme  of  fuel  ;  it  is  the  theoretical  value,  or  that  which  answers  to 
the  real  useful  effect  ;  but  in  practice  it  varies  very  much,  as  we  shall  see  presently,  independently 
even  of  the  method  of  using  steam  with  expansion.  It  serves,  however,  as  a  general  starting- 
point,  which  we  must  not  lose  sight  of. 

To  show  that  this  result  is  in  conformity  with  the  disposition  of  the  Table  that  will  be  seen 
further  on,  we  will  ascertain  in  a  direct  manner  what  amount  of  work  a  given  volume  of  steam 
with  a  known  pressure  is  able  to  produce. 

By  adopting  the  cubic  mètre  for  unity,  it  will  suffice  us  to  suppose  that  the  base  of  the  tube,  in 
the  preceding  experiment,  has  an  area  of  1  square  mètre  ;  this  will  give  1  cubic  mètre  of  steam 
generated  for  every  mètre  of  distance  travelled  by  the  resistance.  But,  as  this  latter  is  always  in 
equilibrium  with  the  pressure  of  the  steam,  the  weight  raised  will  be  precisely  equal  to  the  tension 
of  the  steam  multiplied  by  the  base.  We  shall  therefore  have  10333  kilogrammes  for  each  atmo- 
sphere of  pressure,  multiplied  by  1  mètre  ;  that  is,  10333  kilogrammètres  as  the  theoretical  work, 
developed  by  1  cubic  mètre  of  steam  for  every  atmosphere  of  effective  pressure. 

We  must  once  more  observe  that  this  result  supposes,  as  a  matter  of  course,  that  the  initial 
pressure  of  the  steam  remains  unaltered  during  the  whole  of  the  time  that  the  work  is  being 
done  ;  which  is  not  the  case  when  it  is  used  with  expansion,  as  we  shall  endeavour  presently  to 
explain. 

Work  Developed  by  Expansion. — From  the  physical  properties  recognized  in  vapours  and  gases 
in  general,  from  the  beginning,  it  may  readily  be  imagined  what  takes  place  when  any  space, 
filled  with  a  definite  volume  of  steam,  is  enlarged.  The  said  steam,  by  virtue  of  its  unlimited 
power  of  expansion,  which  makes  it  tend  constantly  to  augment  its  dimensions,  continues  filling 
the  capacity  it  occupied,  in  spite  of  the  extension  of  the  latter,  and  exerting  against  the  sides  of 
the  vessel  a  pressure  that  diminishes  in  the  inverse  ratio  of  the  successive  volumes  it  is  made  to 
assume. 

This  property,  the  effect  of  which  is  entirely  analogous  to  the  unbending  of  a  spring  that  has 
been  compressed  and  then  suddenly  allowed  to  go,  is  characterized  in  practice  as  the  expansion  of 
steam  ;  and  this  designation  is  reserved  for  engines  where  steam  is  used  upon  that  principle. 

To  convey  a  general  idea  of  the  use  of  steam  with  expansion,  we  need  only  revert  to  the 
experiment  last  cited,  and  suppose  that  the  uniform  velocity  having  been  obtained,  the  stop-cock 
C,  Fig.  856,  is  completely  closed,  so  as  to  prevent  the  reservoir  furnishing  any  fresh  quantities  of 
steam.  That  velocity  will  then  bo  limited  to  the  volume  confined  in  the  tube  between  the  stop- 
cock and  the  base  of  the  column  of  mercury  raised  ;  if  the  resistance  remained  fixed,  the  motion 
would  be  continued  for  a  few  moments  by  virtue  of  the  acquired  velocity,  but  with  a  uniformly 
retarded  movement,  till  it  became  extinct,  when  the  column  of  mercury  would  immediately  fall, 
reducing  the  volume  of  steam  to  that  which  it  occupied  at  the  time  that  the  stop-cock  was  closed. 

But,  if  it  were  possible  gradually  to  diminish  the  weight  of  the  mercurial  column  in  the  same 
ratio  as  the  pressure  of  the  steam,  which  lessens  as  the  space  it  occupies  enlarges,  the  uniform 
ascending  motion  would  be  maintained,  and  the  steam  would  .still  yield  work  through  the  agency 
of  its  expansive  power,  weaker  and  weaker,  it  is  true,  but  which — were  it  not  for  the  limit  marked 
by  the  external  resistance  of  the  ambient  medium,  to  which  the  force  of  the  steam  must  be  superior 
in  order  to  produce  an  effect— might  be  indefinite. 

Consequently,  over  and  above  the  work  developed  by  the  free  flow  of  steam  from  the  reservoir, 
and  estimated  in  the  manner  already  indicated,  there  is  yet  a  further  amount  of  labour  capable  of 
being  produced  without  any  extra  expenditure  of  steam  :  it  is,  in  fact,  certain  that,  in  order  to 
draw  the  greatest  possible  profit  from  .steam,  it  should  not  be  relinquished  until  its  pressure  has 
become  so  weak  as  to  be  almost  unlit  lor  any  useful  work. 

There  now  remains  to  be  calculated  what  are  the  total  quantities  of  work  developed  under  these 
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conditions.     This  it  will  be  easy  to  do  as  soon  as  we  have  said  a  few  words  touching  the  law  dis- 
covered by  Boyle,  commonly  caUed  the  law  of  Mariotte,  to  which  we  have  hitherto  only  alluded. 

Mariotte's  Law. — When  a  definite  volume  of  any  permanent  gas  is  subjected  to  different 
pressures,  it  is  readily  perceptible  that  it  diminishes  in  volume  as  the  pressure  increases,  and, 
reciprocally,  that  the  former  augments  as  the  latter  decreases. 

Apart  from  this  first  result,  which  is  evident  and  palpable,  it  has  been  ascertained  that,  the 
temperatures  being  equal,  the  volumes  occupied  are  in  a  striking  manner  inversely  proportional 
to  the  pressures  exerted  ;  whence  we  also  naturally  deduce  that  the  densities  are  directly  propor- 
tional to  these  same  pressures. 

This  important  physical  law  bears  the  name  of  the  Abbot  Mariotte,  a  French  physicist.  Boyle 
was  the  first  to  enunciate  it.  It  has  since  been  verified  by  the  most  competent  men,  such  as  Arago 
and  Dulong,  Faraday,  Pouillet,  Eegnault,  and  others.  These  illustrious  savants  found  that 
Boyle's  law  suffered  some  slight  variations  with  certain  gases  and  under  considerable  pressures  ; 
the  differences  that  have  been  observed  by  the  aid  of  very  delicate  operations  are  not,  however, 
of  a  nature  to  disturb  the  ordinary  practical  results.  We  shall  therefore  admit  this  law,  purely 
and  simply,  in  order  to  study  the  effects  of  steam  in  the  phenomenon  of  expansion,  where  it  presents 
itself  as  a  permanent  gas  occupying  successively  different  volumes. 

Before  approaching  this  subject,  let  us  sum  up  the  law  by  its  numerical  representation  and  by 
an  example. 

If  we  designate  by  P,  the  pressure  of  a  gas,  or  the  expression  of  its  elastic  force  for  the  unity 
of  surface  ; 
V,  its  corresponding  volume  ; 
d,  its  density  ; 
and  by  P',  V,  and  d\  the  same  properties  under  other  conditions  ; 
we  say  P  I  P'  ;  ;  V'  I  V  ;  in  other  words,  the  pressures  are  in  the  inverse  ratio  of  the  volumes. 

We  next  find  d  :  d'  :  :  P  :  P'  or  d  :  a"  :  :  Y'  :  V,  that  is  to  say, 

The  densities  are  directly  proportional  to  the  pressures,  or  inversely  proportional  to  the  volumes. 

Example. — If  we  reduce  by  \  the  volume  V  =  1  cubic  mètre  of  a  gas,  whose  pressure  P  =  0  '  80 
mètre  of  mercury,  and  whose  density  d  =  0-0012,  what  will  be  the  pressure  and  density  P'  and  d' 
under  the  new  volume  V  ? 

Solution. — The  above  relations  supply  the  following  : 

But,  according  to  the  data,  the  value  of  the  fresh  volume  is 

4 
V  =  lom  x  -  =  0cm,8. 
5 

this  value  we  deduce  the  following  ones  for  the  pressure  and  density  : 

^o^xp  o-ooMxi«  =0; 

Qcm. g  J  '  0cm#8 

This  law  is  so  simple,  that  the  above  indications  will  certainly  suffice  to  make  its  application 
understood.  Besides,  the  two  foregoing  proportions  supply  the  elements  of  all  the  problems  that 
might  be  proposed.  We  must  only  remind  our  readers  that,  in  order  that  its  application  may  be 
correct,  it  is  necessary  that  the  gas  subjected  to  the  change  of  volume  shall  retain  its  primitive 
temperature,  otherwise  effects  of  dilatation  or  contraction  are  produced  that  influence  and  modify 
individually  the  result,  which  is  supposed  to  be  due  solely  to  the  alteration  of  volume. 

Calculation  of  the  Total  Work  done  by  the  Expansion  of  Steam.—  Since  the  amount  of  work  done  is 
always  expressed  by  the  product  of  the  pressure  exerted  and  the  distance  travelled  by  the  resist- 
ance in  the  unity  of  time,  balancing  that  pressure,  any  quantity  of  work  may  then  be  graphically 
represented  by  a  surface  that  can  also  be  measured  by  the  product  of  two  numbers.  Effectually, 
let  us  suppose  a  certain  effort,  expressed  in  kilogrammes,  to  be  represented  upon  any  given  scale  by 
a  right  line  AB,  Fig.  857,  the  divisions  upon  which  indicate  precisely  so 
many  kilogrammes  ;  and  that  the  distance  travelled  by  the  resistance  in 
the  unity  of  time,  and  under  the  influence  of  that  effort,  be  represented  by 
a  horizontal  line  A  D,  whose  divisions  are  so  many  mètres  or  fractions  of 
mètres  ;  it  is  clear  that,  by  completing  the  rectangle  A  B  C  D,  its  surface 
will  be  the  actual  measurement  of  the  work,  since  it  is  the  product  of  the 
units  in  A  B  by  those  in  A  D. 

For  instance,  let  A  B  measure  8  centimètres   and   represent  8  kilo- 
grammes, while  A  D,  measuring  10  centimetres,  represents  10  mètres  of  dis- 
tance travelled  in  the  unit  of  time,  say  1  second,  the  amount  of  work,  measured  as  usual,  will  be 
8  x  10  =  80  kilogrammètres. 

But  the  surface  of  the  rectangle,  estimated,  in  like  manner,  by  the  product  of  its  sides,  gives 
also  80  ;  so  that  each  small  rectangle  formed  by  the  intersection  of  the  divisional  lines  representa 
1  kilogrammètre. 

This  fact,  very  easy  of  comprehension,  being  once  proved,  let  us  suppose  that  during  the 
journey  the  effort  varies,  though  the  velocity  still  remains  uniform.  It  will  then  happen  that  the 
straight  line  A  B,  travelling  from  A  B  to  D  Ç,  and  which  generated  a  rectangle  by  the  fixity 
of  its  value,  will  no  longer  possess  that  fixity,  and  B  C  will  consequently  cease  to  be  a  straight 
line  ;  neither  will  the  figure  be  a  rectangle,  but  a  surface  limited  by  right  lines  upon  three  of  its 
sides,  and  by  a  broken  or  curved  line  upon  the  fourth  ;  or  again  by  a  right  line,  but  not  parallel  to 
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the  base,  if  the  variation  in  the  resistance  follows  a  certain  regular  law.     We  should  thus  obtain 
one  of  the  three  tracings  indicated  in  the  subjoined  Fig.  858. 

The  total  amount  of  work  developed  for  each  distance  travelled  A  D,  multiplied  by  the  variable 
resistance,  will,  however,  be  none  the  less  accurately  represented  by  the  surface  of  each  figure.  For 
such  surfaces  may  be  divided  into  sufficiently  858> 

small  parts,  such  as  abed,  in  the  direction  of 
the  distance  travelled,  for  them  to  be  consi- 
dered as  so  many  rectangles  or  portions  of  work 
generated  by  a  particular  effort  which  remains 
fixed  during  the  corresponding  time.  The  sur- 
face, then,  of  every  one  of  those  elementary 
parts  will  represent  the  amount  of  work  an- 
swering to  it  ;  and  as  the  sum  of  those  parts 
is  equivalent  to  the  entire  surface  of  the  figure, 
it  naturally  follows  that  this  last  represents  the  total  amount  of  work  done. 

By  knowing,  then,  the  law  of  variation  by  which  an  effort  is  governed  during  the  accomplish- 
ment of  a  certain  labour,  it  will  always  be  easy  to  reckon  the  total  quantity  of  work  developed, 
since  the  only  thing  required  is  to  make  a  graphic  representation  thereof  and  to  measure  the 
surface  of  the  figure  thus  obtained,  according  to  units  previously  agreed  upon  as  representatives 
of  the  efforts  and  the  distance  travelled. 

The  amount  of  work  accomplished  by  steam  during  its  expansion  falls  precisely  within  the 
conditions  we  have  just  examined.  It  is  a  decrescent  effort  exerted  to  overcome  a  resistance  which 
is  supposed  to  diminish  in  the  same  ratio  in  order  that  uniform  velocity  may  be  preserved.  As  to 
its  law  of  decrescence,  it  is  admitted  that  it  follows  that  established  by  Boyle,  as  we  have 
already  stated,  always  supposing  that  the  temperature  of  the  steam  remains  unaltered  during  the 
period  of  expansion. 

Let  us  endeavour,  from  this,  to  bring  together  these  principles  so  as  to  find  the  value  of  the 
work  that  would  be  developed  by  a  determinate  volume  of  steam  producing,  at  first,  an  amount 
of  labour  at  full  pressure  and  which  can  be  measured  as  we  have  previously  shown,  and  then 
expanding  to  a  given  limit. 

By  referring  back  to  the  experiment,  page  424,  which  was  admitted,  we  were  enabled  to 
ascertain  the  effect  produced  by  a  cubic  mètre  of  steam  acting  with  its  full  initial  pressure,  and 
we  found  that  the  work  thus  done  was  equal  to  10333  kilogrammètres  for  every  cubic  mètre  and 
for  every  atmosphere  of  effective  pressure.  Moreover,  if  the  distance  travelled  be  equal  to  1  mètre, 
the  corresponding  pressure  will  be  10333  kilogrammes.  If,  now,  this  work  being  accomplished, 
no  further  steam,  be  supplied,  that  already  introduced  and  now  isolated  from  its  source  will  occupy 
gradually-increasing  volumes,  whence  its  pressure  will  successively  diminish  according  to  the 
same  decrescent  progression  as  that  indicated  by  Boyle's  law.  The  base  of  the  receiver  where 
the  expansion  takes  place  remaining  the  same,  and  the  volume  of  steam,  therefore,  only  lengthening, 
the  decrescence  will  apply  itself  directly  to  the  initial  pressure  of  10333  kilogrammes. 

Let  us,  consequently,  make  a  graphic  representation  of  the  work  done  at  full  pressure  in  the 
first  place  by  a  rectangle  ABCD,  Fig.  859,  of  which  A B  represents  the  initial  pressure  10333, 
and  AD  the  distance  travelled  during  the  perform- 
ance of  the  work  ;  then,  having  extended  the  base  of 
the  rectangle,  let  us  draw  lines  parallel  to  A  B  from 
each  of  the  points  indicating  the  successive  distances 
run  from  the  moment  that  the  steam  was  cut  off. 
The  value  of  every  one  of  those  vertical  lines  must 
be  that  of  the  pressure  acquired  at  the  end  of  the 
corresponding  distances  ;  and  as  these  are  exactly  pro- 
portional to  the  successive  volumes  of  the  steam,  and 
as  the  pressure  acquired  by  the  latter  at  every  in- 
crease of  volume  is  in  the  inverse  ratio  of  the  propor- 
tion which  the  last  volume  bears  to  the  first,  it  will  be 
easy  to  determine  each  fresh  acquisition  of  pressure.  At  any  rate,  we  get,  from  the  preceding 
proportion,  P  :  P'  :  :  V  :  V,  the  following,  C D  or  A B  :  C D'  :  :  A D'  :  AD. 

In  other  terms,  if,  for  instance,  each  division  of  distance  travelled  or  augmentation  of  volume 
be  Jo  of  tüG  primitive  one  A  D,  we  shall  have  as  the  successive  values  of  "the  ordinates  similar 
toC'D, 

_.__       20      20      20      20      20      20      20  , 

CDx—  i  — ,  —i  —i  — ,  — ,  —  ,  and  so  on, 
21      22      23      24      25      26     27 

because  the  consecutive  volumes  will  be 

21      22      23      24      25 


859. 


26      27 


20      20      20      20      20      20      20 


and  so  on. 


By  uniting,  then,  the  extremities  of  all  the  ordinates  thus  determined,  we  obtain  the  complete 
figure  A  B  O  E  F.  whose  surface  will  represent  the  total  amount  of  work  developed  by  the  primitive 
volume  of  steam  expanded,  till  it  reaches  the  augmentation  of  volume  indicated  by  the  extension 
of  the  base  A  F  of  the  figure,  which  may  be  continued  to  any  required  limit. 

If  we  perform  this  operation  with  steam  at  the  unity  of  pressure,  the  expansion  being  the 
same,  the  work  found  by  squaring  the  figure  will  be  proportional  to  any  initial  pressure  which 
the  steam  may  possess,  because,  when  the  expansion  continues  unaltered,  the  base  A  F  is  invariable 
and  the  heights  arc  proportional  to  the  pressures.  But,  if  we  take,  as  starting-point,  a  determinate 
volume  of  steam,  it  is  clear  that  the  result  will  likewise  be  in  proportion  thereto,  because  the  base 
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A  F  is  proportional  to  the  primitive  volume,  and  that,  the  heights  being  equal,  the  surface  of  the 
figure  becomes  proportional  to  its  base. 

Finally,  we  ascertain  by  this  process  the  quantities  of  work  that  may  be  developed  by  a 
cubic  mètre  of  steam  at  a  pressure  of  1  atmosphere  with  different  degrees  of  expansion  ;  and  when 
it  is  wanted  to  find  the  work  corresponding  to  another  volume  and  another  pressure,  it  is  only 
necessary  to  make  the  product  of  those  different  data  by  the  value  indicated  for  1  cubic  mètre. 
The  results  thus  obtained  are  completely  satisfactory  in  practice.  Only  it  is  indispensable  that 
the  apparatus  wherein  the  expansion  takes  place  be  so  disposed  that  any  external  cooling  may 
be  avoided,  otherwise  there  would  ensue  a  condensation  of  the  expanded  steam  that  would  render 
the  application  of  Boyle's  law  incorrect. 

Poncelet,  who  was  one  of  the  first  to  make  this  theory  known,  has  also  calculated  a  Table 
giving  the  quadrature  of  the  initial  figure  for  different  expansions,  throughout  a  notable  extent. 

We  here  reproduce  that  Table,  to  which  we  shall  refer  every  time  we  have  to  calculate  the 
conditions  of  an  engine  working  with  expansion. 

Table  op  the  Total  Quantities  op  "Work  developed  by  1  Cubic  Metre  op  Steam  under 
different  expansions,  and  with  a  pressure  op  1  atmosphere. 


Volume 

Quantity  of 

Volume 

Quantity  of 

Volume 

Quantity  of 

Volume 

Quantity  of 

after 

Work 

after 

Work 

after 

Work 

after 

Work 

Expansion. 

Corresponding. 

Expansion. 

Corresponding. 

Expansion. 

Corresponding. 

\   Expansion. 

Corresponding. 

c.  m. 

kann. 

c.  m. 

kgm. 

c.  m. 

k<rm. 

c.  m. 

kgm. 

1-00 

10333 

1 

•35 

13434 

2-80 

20973 

5-50 

27949 

1-01 

10436 

1 

•40 

13810 

2-90 

21335 

5-60 

28135 

1-02 

10538 

1 

•45 

14173 

3-00 

21686 

5-70 

28318 

1-03 

10639 

1 

•50 

14523 

3-10 

22024 

.    5-80 

28498 

104 

10739 

1 

55 

14862 

3-20 

22353 

5-90 

28674 

1-05 

10837 

1 

•60 

15190 

3-30 

22671 

6-00 

28848 

1-06 

10935 

1 

•65 

15508 

3-40 

22079 

6-25 

29270 

1-07 

11032 

1 

70 

15816 

3-50 

23279 

6-50 

29675 

1-08 

11129 

1 

75 

16116 

3-60 

23570 

6-75 

30065 

1-09 

11224 

1 

80 

16407 

3-70 

23853 

7-00 

30441 

1-10 

11318 

1 

85 

16690 

3-80 

24128 

7-25 

30804 

111 

11412 

1 

90 

16966 

3-90 

24397  . 

7-50 

31154 

112 

11501 

1 

95 

17234 

4-00 

24658 

775 

31493 

1-13 

11596 

2 

00 

17496 

410 

24914 

8-00 

31820 

1-11 

11687 

2 

05 

17751 

4-20 

25163 

8-25 

32139 

115 

11778 

2 

10 

18000 

4-30 

25406 

8-50 

32447 

1-16 

11867 

2 

15 

18243 

4-40 

25643 

8-75 

32747 

117 

11956 

2 

20 

18481 

4-50 

25875 

9-00 

33038 

1-18 

12044 

2 

25 

18713 

4-60 

26103 

9-25 

33321 

1-19 

12131 

2 

30 

18940 

4-70 

26325 

9-50 

33597 

•  1-20 

12217 

2 

35 

19162 

4-80 

26542 

9-75 

33865 

1-21 

12303 

2 

40 

19380 

4-90 

26755 

10-00 

34127 

1-22 

12388 

2 

45 

19593 

5-00 

26964 

15-00 

38317 

1-23 

12472 

2 

50 

19802 

5-10 

27169 

20-00 

41289 

1-21 

12556 

2 

55 

20006 

5-20 

27369 

25-00 

43595 

1-25 

12639 

2 

60 

20207 

5-30 

27566 

50-00 

50758 

1-30 

13044 

2-70 

20597 

5-40 

27759 

100-00 

57920 

Use  of  the  preceding  Table. — The  first  column  of  the  above  Table  shows  the  successive  volumes 
that  a  cubic  mètre  of  steam  may  assume  by  expansion  under  a  pressure  of  1  atmosphere,  and  the 
second  the  total  quantities  of  work  corresponding  thereto,  developed  before  and  during  expansion. 
The  Table  exhibits,  also,  the  great  advantage  of  prolonged  expansion. 

So  that  a  cubic  mètre  of  steam  that  only  develops  10333  kilogrammètres  of  work  if  used  without 
expansion,  produces  26964  kilogrammètres  when  allowed  to  expand  to  five  times  its  primitive 
volume,  and  34127  when  the  expansion  is  ten  times  that  volume.  Let  us  add  that,  in  order  to 
find  the  work  corresponding  to  any  particular  volume  and  effective  pressure,  it  is  sufficient  to  form 
the  product  of  those  data  by  the  number  in  the  Table  answering  to  the  same  expansion.  For 
iustance,  if  we  want  to  know  the  amount  of  work  done  by  0cm-400  of  steam  at  a  pressure  of  5 
atmospheres  and  an  expansion  of  five  times  its  volume,  we  have 

26964  x  0cm-400  x  5  =  53928  kilogrammètres. 

The  preceding  notions  are  sufficient  to  convey  a  practical  knowledge  of  the  conditions  that 
determine  the  existence  of  the  agent  that  animates  the  motors  now  under  consideration. 

It  wTas  clearly  necessary  that  we  should  first  of  all  become  acquainted  with  its  physical  pro- 
perties, that  is  to  say,  the  laws  that  govern  its  simple  formation,  and  the  natural  phenomena  which 
it  presents,  before  even  any  application  of  it  is  made.  The  second  point  was  to  ascertain  its 
mechanical  power  or  the  conversion  of  its  mere  physical  pressure  into  work,  characterized  by  a 
resistance  overcome  and  a  distance  travelled. 

Having  demonstrated  this,  there  can  be  no  difficulty  in  the  way  of  understanding  the  descrip- 
tion and  working  of  a  steam-engine. 

The  amount  of  work  developed  through  the  expansion  of  steam  may  be  readily  found,  with 
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the  assistance  of  the  foregoing  detailed  rules  and  tables.  In  addition  to  these  theorctic.il  considera- 
tions, the  following  practical  facts  must  always  be  observed: — The  area  of  the  grate  is  regulated  by 
the  weight  of  fuel  which  is  to  be  burnt  upon  it  in  an  hour,  and  by  the  rate  of  combustion  a  square 
foot  of  grate.  The  mean  rate  may  be  taken  for  Cornish  boilers  at  10  lbs.  of  coal  a  square  foot  an 
hour,  for  factory  boilers  14  lbs.,  and  for  marine  boilers  20  lbs.  Boilers  having  the  fire  urged  by  a 
blast-pipe  or  a  fan  consume  from  45  to  125  lbs.  The  economy  of  fuel  depends  very  much  on  the 
proper  adjustment  of  the  rate  of  combustion  a  square  foot  of  grate  to  the  draught  of  the  furnace.  A 
certain  rate  of  combustion,  which  may  be  found  by  practical  trials,  is  the  best  suited  to  insure 
thorough  combustion  in  a  given  furnace  ;  and  this  fixes  the  best  area  of  grate  ;  if  the  grate  is  made 
smaller,  the  combustion  becomes  imperfect  ;  if  larger,  too  much  air  enters,  and  heat  is  wasted 
in  warming  it.  It  is  best,  in  practice,  to  make  the  grate  area  at  first  rather  too  large,  and  then  to 
contract  it  by  means  of  fire-bricks,  until  the  smallest  area  is  obtained  upon  which  the  required 
quantity  of  coal  can  be  burned  without  incomplete  combustion. 

When  air  is  admitted  above  the  fuel  to  burn  the  coal  gas,  a  smaller  area  of  grate  is  required  to 
burn  a  given  quantity  of  fuel  an  hour  than  when  the  whole  supply  of  air  has  to  pass  through  the 
grate. 

The  length  of  a  grate  should  not  much  exceed  6  ft.,  in  order  that  the  fireman  may  easily  throw 
coals  to  the  back  of  it.  It  may  be  aa  much  less  than  6  ft.  as  the  dimensions  and  figure  of  the  boiler 
require.  The  breadths  of  grates  range  from  about  15  in.  to  4  ft.  ;  the  most  convenient  breadths  for 
firing  being  from  18  in.  to  2  ft.,  or  thereabouts.  The  grates  of  stationary  and  marine  boilers  are 
usually  long  and  narrow  ;  those  of  locomotive  boilers  are  usually  almost  square,  and  sometimes 
round. 

To  facilitate  the  even  spreading  of  the  fuel,  the  surface  of  an  oblong  grate  is  in  general  made  to 
siope  downwards  from  the  furnace-mouth  to  the  bridge  at  the  rate  of  about  one  in  six.  Its  clear 
height  above  the  floor  of  the  ash-pit  should  be  at  least  2|  ft.  in  front. 

A  locomotive  grate  is  usually  level  ;  and  the  place  of  an  ash-pit  is  supplied  by  a  rectangular 
wrought-iron  pan  about  10  in.  deep,  which  is  open  at  the  front,  to  catch  the  air  as  the  engine 
rushes  through  it,  and  can  be  removed  when  required. 

A  grate  consists  of  fire-bars,  and  of  cross  bearers  by  which  they  are  supported.  The  fire-bars  are 
made  in  lengths  of  from  2  to  3  ft.  They  are  from,  §  in.  to  f  in.  broad  on  the  top,  and  are  often  made 
to  diminish  to  about  half  that  thickness  at  the  lower  edge,  in  order  to  admit  of  the  free  entrance  of 
air  and  escape  of  ashes.  Their  ordinary  depth  is  about  3  in.  The  breadth  of  the  clear  space 
between  two  bars  is  from  one-half  to  two-thirds  of  the  greatest  breadth  of  a  bar.  At  each  side  of 
each  end  of  a  bar  there  are  snugs  or  projections,  by  which  the  breadth  of  the  bar  at  its  ends  is 
increased  so  as  to  be  equal  to  the  distance  from  centre  to  centre  of  the  bars.  "When  the  bars  are 
laid  upon  the  cross  bearers  with  the  snugs  touching  each  other,  the  proper  spaces  are  left  between 
their  intermediate  parts.  Fire-bars  are  often  cast  in  pairs,  so  that  two  bars  with  the  proper  space 
between  them  form  one  piece.  This  saves  time  in  removing  and  replacing  them  when  the  grate 
requires  repairs. 

Many  contrivances  have  been  devised  for  supplying  fuel  to  furnaces  gradually  and  equably  by 
mechanism,  in  order  to  insure  complete  combustion.  Someof  these  inventions  involve  the  useof  moving 
grates.  The  revolving  grate  is  circular  and  horizontal,  and  turns  slowly  about  its  centre.  The  fuel 
is  dropped  upon  it  by  "degrees  through  a  fixed  opening,  and  thus  every  part  of  it  is  at  all  times 
equally  covered.  Another  grate  consists  of  an  endless  web  of  very  short  fire-bars,  moving  on  hori- 
zontal rollers,  travelling  from  the  furnace-mouth  to  the  bridge,  and  returning  through  the  ash-pit. 
The  portion  of  the  web  which  at  any  time  is  uppermost  is  supported  on  small  v  heels  with  which 
the  bars  are  provided,  and  which  rest  on  rails.  Sometimes  the  fire-bars,  by  means  of  cams,  are 
made  to  have  a  short  reciprocating  motion  up  and  down,  and  from  side  to  side,  in  order  to  keep 
them  clear  of  clinkers. 

The  clear  height  of  the  crown  or  roof  of  the  furnace  above  the  grate  bars  is  seldom  less  than  about 
18  in.,  and  often  considerably  more.  In  the  fire-boxes  of  locomotives  it  is  on  an  average  about  4  ft. 
The  height  of  18  in.  is  suitable  where  the  crown  of  the  furnace  is  brick  arch,  as  in  detached 
furnaces.  Where  the  crown  of  the  furnace,  on  the  other  hand,  forms  part  of  the  heating  surface  of 
the  boiler,  a  greater  height  is  desirable  in  every  case  in  which  it  can  be  obtained  for  the  tempera- 
ture of  the  boiler  plates,  being  much  lower  than  that  of  the  flame,  tends  to  check  the  combustion  of 
the  inflammable  gases  which  rise  from  the  fuel.  As  a  general  principle,  a  high  furnace  is  favour- 
able to  complete  combustion. 

The  height  of  the  furnace  is  limited  in  practice,  sometimes  by  the  necessity  for  having  flues  or 
tubes  traversing  the  water  above  it,  and  always  by  the  necessity  for  having  a  sufficient  depth  of 
water  above  the  crown — that  is  to  say,  about  12  or  15  in.  in  marine  boilers,  5  or  6  in.  in  locomotive 
boilers,  and  10  or  12  in.  in  land  boilers. 

According  to  M.  Peclet,  the  best  furnace  for  burning  wood  under  a  steam-boiler  consists  of  a 
hearth  of  fire-brick,  with  a  sort  of  hopper  or  feeding  passage  in  front,  of  the  full  width  of  the  hearth, 
made  of  cast-iron.  The  wood,  cut  into  billets  whose  length  is  a  little  less  than  the  width  of  the 
hearth,  is  placed  crosswise  in  the  hopper,  and  descends  gradually  cither  by  its  weight  alone,  or  by 
its  weight  aided  by  the  pressure  of  the  feet  of  the  stoker.  As  it  reaches  the  hearth  billet  by  billet, 
it,  takes  fire,  and  is  completely  consumed.  The  hearth  has  a  slight  slope  forwards  towards  the 
bottom  of  the  hopper.  The  whole  supply  of  air  for  the  combustion  of  the  wood  passes  down 
through  the  hopper  amongst  the  unconsumed  billets  of  wood.  The  ashes  are  swi  pt  away  by  the 
draught. 

The  use  of  the  dead-plate  is  to  insure  the  combustion  of  highly  bituminous  coal.  In  some  of 
Watt's  furnaces  it  was  nearly  as  long  as  the  grate:  but  a  length  of  about  20  in.  has  been  found 
to  answer  well  in  some  recent  practica]  examples.  When  the  dead-plate  forms  the  bottom  of  a  cast- 
iron  mouthpiece,  it  is  useful  to  make  the  roof  of  that  mouthpiece  slope  downwards  towards  the 
furnace  at  the  rate  of  one  in  six,  or  thereabouts.     This  has  the  effect  of  directing  any  current  of  air 
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Which  may  enter  through  the  mouthpiece  downwards  upon  the  surface  of  the  burning  fuel,  so  as  at 
once  to  promote  rapid  combustion  of  the  coal  gas,  and  to  prevent  that  current  from  striking  the 
crown  of  the  fire-box,  which,  when  that  crown  id  part  of  the  boiler  surface,  tends  both  to  lower  its 
temperature  and  to  oxidate  the  plates.  In  some  furnaces  the  sides  and  top  of  the  mouthpiece  are 
made  thick  enough  to  be  traversed  by  a  row  of  longitudinal  holes,  each  £  in.  in  diameter.  These 
holes  admit  small  currents  of  air,  which  have  some  effect  in  burning  the  coal  gas,  but  whose  prin- 
cipal use  is  at  once  to  keep  the  mouthpiece  cool  and  to  carry  back  to  the  furnace  the  heat  which 
would  otherwise  be  lost  by  conduction  through  the  metal  of  the  mouthpiece. 

In  some  furnaces  the  dead-plate  is  double,  and  a  current  of  air  is  admitted  through  the  passage. 

As  to  contrivances  for  preventing  waste  of  heat  through  the  fire-door  and  furnace  front,  and  for 
admitting  air  through  them  to  burn  the  coal  gas,  and  regulating  the  admission  of  that  air  and  of  the 
air  which  enters  through  the  ash-pit,  reference  is  made  at  p.  438  when  treating  of  marine  boilers. 
To  what  is  stated  there,  it  may  be  added  that  doors  consisting  of  several  layers  of  wire  gauze  have 
lately  been  use« I  for  these  purposes,  and,  it  is  said,  with  good  effect  ;  and  also,  that  a  heap  of  dross,  slack, 
or  sawdust,  where  those  substances  are  burned,  blocking  up  the  mouthpiece,  which  is  without  a 
door,  has  been  found  to  answer  the  same  end  extremely  well  in  stationary  boilers  at  St.  Eollox 
Chemical  Works.  The  heap  so  placed  intercepts  the  radiant  heat,  and  admits  through  its  interstices 
enough  of  air  to  carry  the  sensible  part  of  that  heat  back  into  the  furnace,  and  to  burn  the  gases 
distilled  from  the  fresh  fuel.  When  the  fireman  considers  that  the  heap  is  sufficiently  coked  or 
charred,  he  pushes  it  forward  and  spreads  it  uniformly  over  the  grate,  and  supplies  its  place  by 
blocking  the  mouthpiece  again  with  a  heap  of  fresh  fuel. 

The  means  of  producing  a  current  of  air  through  a  furnace,  and  the  principles  of  the  action  of 
those  means,  and  their  peculiar  effects,  are  considered  in  the  article  on  Chimney.  Care  must  be 
taken  not  to  direct  streams  of  fresh  air  against  the  plates  or  other  metal  surfaces  of  the  boiler  ; 
because  if  so  directed,  they  produce  rapid  oxidation. 

The  only  figures  for  the  shells  of  boilers  which  are  safe  against  bursting  by  internal  pressure, 
without  the  aid  of  stays,  are  the  cylinder  and  the  sphere. 

Portions  of  boiler  shells  which  are  flat,  or  which  otherwise  deviata  from  the  cylindrical  and 
spherical  figures,  are  strengthened  by  means  of  stays.  The  usual  ¡ñtch  or  distance  apart  of  the  stays 
of  locomotive  fire-boxes  is  about  4J  or  5  in.,  and  of  marine  and  stationary  boilers  12  to  18  in. 
According  to  Bourne,  the  staying  of  existing  marine  boilers  is  seldom  sufficiently  strong  ;  and  the 
iron  of  the  stays  ought  not  to  be  exposed  to  a  greater  working  tension  than  3000  lbs.,  on  the  square 
inch,  in  order  to  provide  against  their  being  weakened  by  corrosion.  This  amounts  to  making  the 
factor  of  safety  for  the  working  pressure  about  20«. 

If  any  part  of  the  surface  of  a  boiler  cannot  be  efficiently  stayed  by  rods  rea"hing  across  to  the 
opposite  p.irt,  it  may  be  fastened  by  bolts  or  rivets  to  a  series  of  ribs  crossing  it,  care  being  taken 
that  the  ends  of  those  ribs  have  sufficient  support.  For  example,  the  flat  crown  of  a  locomotive  fire- 
box is  hung  by  bolts  from  a  series  of  parallel  ribs,  which  cross  it  at  distances  of  from  4£  to  5  in. 
from  centre  to  centre,  and  whose  ends  are  supported  on  the  front  and  back  of  the  fire-box. 

It  has  been  found  by  experience  that  a  thickness  of  about  §  of  an  inch  is  the  most  favourable  to 
sound  riveting  and  caulking  of  boiler-plates  ;  and  -therefore  they  are  seldom  made  much  thicker  or 
much  thinner  than  that  thickness.  If  a  cylindrical  boiler  is  required  to  withstand  a  very  high 
pressure,  the  necessary  increase  of  strength  must  b,i  attained,  not  by  increasing  the  thickness  of  the 
plates,  but  by  diminishing  the  diameter  of  the  shell.  Tue  strongest  boilers  are  those  which  are 
entirely  composed  of  tubes  and  small  cylinders,  with  the  water  and  steam  inside. 

Fairbairn's  experiments  have  shown  that  the  stay-bolts  of  locomotive  fire-boxes  should  have  their 
diameters  equal  to  double  the  thickness  of  the  plates,  if  these  are  of  iron,  so  that  for  |-inch  iron 
plates  the  stay-boíts  should  be  f  in.  in  diameter.  According  to  the  principles  laid  down  by 
Bourne,  the  factor  of  safety  for  the  stays  of  marine  boilers  should  be  about  three  times  the  factor  of 
safety  for  those  of  locomotive  boilers  ;  hence  for  plates  of  §  in.  thick  or  thereabouts,  the  stays  of 
marine  boilers,  if  round,  should  be  about  I5  inch  in  diameter. 

The  flat  ends  of  cylindrical  boilers  are  made  about  once  and  a-half  the  thickness  ofthe  cylindrical 
barrels,  and  are  tied  to  each  other  by  longitudinal  stays,  or  to  the  sides  of  the  boiler  by  gussets.  A 
pair  of  tube-plates  are  tied  together  in  the  same  manner  ;  and  it  is  safer  to  rely  altogether  on  stay- 
rods,  to  prevent  them  from  being  forced  asunder,  than  to  leave  any  part  of  the  tension  to  be  borne 
by  the  tubes. 

Tubes  for  the  passage  of  flame  and  hot  gas  are  made  of  brass  or  of  iron,  and  are 'from  1|  to  2  in. 
in  diameter  for  locomotives,  and  from  2  to  4  in.  in  diameter  for  marine  boders.  They  are  fixed 
tight  in  the  holes  in  the  tube-plates,  either  by  driving  ferules  into  their  ends,  or  by  riveting  up 
the  edges  of  the  ends  themselves,  so  as  to  make  them  fit  countersunk  grooves  which  surround  the 
holea  on  the  outside  of  each  tube-plate. 

The  fiat  ends  of  cylindrical  boilers  are  very  commonly  connected  with  the  barrels  and  flues  by 
means  of  rings  of  angle  iron  ;  but  such  rings  are  liable  to  split  at  the  angle,  and  therefore  it  is  con- 
sidered preferable  to  make  the  connection  by  bending  the  edges  of  the  endmost  plates  of  the  barrel 
and  flues.  A  flat  end  to  a  cylindrical  shell,"  or  a  flat  top  to  a  cylindrical  steam-chest,  connected  by 
means  of  an  angle-iron  ring  alone,  without  stay- bars  or  gussets,  is  dangerous  at  high  pressures,  even 
when  of  small  diameter;  as  the  angle-iron  ring,  although  it  may  last  fora  time  and  be  apparently 
safe,  is  almost  certain  t:>  split  at  the  angle  in  the  end. 

The  shells  of  stationary  and  locomotive  boilers  are  usually  single-rivetted— those  of  marine  boilers 
usually  double-r  i  vetted — that  is,  the  rivets  form  a  zig-zag  line  at  each  joint.  Horizontal  overlapped 
joints  should  have  the  overlapping  edges  facing  upwards  on  the  side  next  the  water,  that  they  may 
not  interoept  bubbles  of  steam  on  their  way  upwards.  The  joints  in  horizontal  flues  should  be  so 
placed  that  the  overlapping  edges  shall  not  oppose  the  current  of  gas. 

Those  part3  of  boilers  which  are  exposed  to  more  severe  or  more  irregular  strains  than  the  rest,  or 
to  a  more  intense  heat,  should  be  made  of  the  finest  iron,  such  as  Bowling  or  Lowmoor.    This  applies 
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to  the  sides  and  crowns  of  internal  furnaces,  to  tube-p^tes,  to  bent  plates  at  the  end  of  cylindrical 
shells,  and  so  on. 

The  sectional  area  of  the  flues  of  a  boiler  must  not  be  made  too  large,  lest  it  should  make  the 
boiler  too  bulky  ;  nor  too  small,  lest  it  should  cause  too  much  resistance  to  the  draught.  Experience 
has  shown  that  a  sectional  area  of  from  one-fifth  to  one-seventh  of  the  area  of  the  grate  answers  well 
in  practice.  When  there  is  a  bridge  contracting  the  entrance  to  the  flue,  this  applies  to  the  area  of 
the  passages  left  by  the  bridge.  In  multitubular  boilers,  the  area  to  be  considered  is  the  joint  area 
of  the  whole  set  of  tubes,  which,  when  there  are  ferules  at  their  ends,  is  to  be  measured  within  the 
ferules. 

The  course  taken  by  the  current  of  hot  gas  through  the  flues  and  tubes  of  a  boiler  is  most  com- 
monly from  below  upwards  on  the  whole,  even  when  most  of  those  passages  are  horizontal.  It  was 
first  shown  by  Peclet,  and  is  now  generally  recognised,  that  a  great  advantage  in  point  of  thorough 
convection  of  heat,  and  consequently  in  economy  of  fuel,  is  gained  by  causing  the  course  of  the  hot 
gas  to  be  on  the  whole  from  above  downwards;  because  then  the  hottest  strata  of  the  furnace  gas, 
being  uppermost,  spread  themselves  out  above  the  denser  and  colder  strata  which  are  belovv,  and  so 
diffuse  themselves  more  uniformly  throughout  all  the  passages  than  they  do  when  made  to  ascend 
from  below.     This  principle  was  practically  applied  in  Dundonald's  boiler,  Fig.  868. 

The  lower  horizontal,  or  nearly  horizontal,  surfaces  of  internal  flues  and  tubes,  owing  to  the  diffi- 
culty with  which  bubbles  of  steam  escape  from  them,  are  found  to  be  much  less  effective  in 
producing  steam  than  the  lateral  and  upper  surfaces.  On  an  average,  the  effective  heating-surface 
is  from  f  to  §  of  the  total  heating-surface. 

A  cylindrical  boiler  is  usually  filled  with  water  to  three-fourths  of  its  depth  or  thereabouts. 

The  practice  with  regard  to  the  absolute  capacity  of  boilers  varies  very  much.  According  to 
Eobert  Armstrong,  that  capacity  ought  to  be  : 

For  each  cubic  foot  of  water  evaporated  an  hour — 

Steam-room 13¿  cubic  feet. 


Total  boiler-room         ....     27  , 

W.  H.  James'  boiler  was  composed  entirely  of  tubes  of  small  diameter  arranged  side  by  side,  as 
in  Fig.  860,  and  inserted  into  two  large  pipes  d,  e.     One  of  these  tubes  or  rings  is  shown  in  section, 
Fig.  861,  and  exhibits  the  space  occupied  by  the  water  a  a,  the  steam  room  b  6,  the  horizontal  pipe 
d  serving  for  a  steam-pipe,  the  feed 
pipe  e  which  distributes  the  water  into  860.  861. 

the  rings  uniformly.     The  thickness  / ¿ 

of  the  rings  was  T\  in.,  of  the  hori- 
zontal pipes  d  and  e  f-  in.,  and  the 
diameter  of  the  boiler  24  in.  The  fire 
was  placed  on  a  grate  near  the  bot- 
tom, and  sometimes  directly  on  the 
tubes,  which  thus  formed  the  grating 
itself.  This  boiler  was  enclosed  by 
brick-work,  from  inside  the  arched 

roof  of  which  much  heat  was  econo-  v~~;=:::-::iü^^^i^-(^gL-x' 

mized  by  reverberation.     James  pa- 
tented this  boiler   in  1825,   and  he 
may  be  considered  to  be  the  first  inventor  who  practically  understood  what  was  required  to  con- 
stitute an  efficient  boiler.      The  comparative  merits  of  the  boilers  specified  in  the  succeeding 
tabulated  arrangement  can,  in  a  great  measure,  be  comprehended  from  the  appended  data  and 
rô^isiiGrGci  r6su.lt s 
°The  boiler  invented  by  Nathaniel  Ogle  is  shown  in  Figs.  862,  863,  864. 

Fig.  862  shows  a  vertical  section  of  Ogle's  boiler,  Fig.  863  is  a  ground  plan,  and  Fig.  864 
section  of  the  top. 

a,  a,  a,  are  tubes  or  vessels  placed  over  the  furnace  B  in  an  upright  or  perpendicular  or  vertical 
position,  c,  c,  are  tubes  or  pipes  for  connecting  the  tubes  <r,  a,  a,  together.  </,  d,  d,  are  the  inner 
flues  which  run  through  the  inside  of  the  tubes  or  vessels  a,  a,  a,  and  out  at  the  top,  and  which 
flues  or  tubes  are  also  placed  in  an  upright  or  perpendicular  or  vertical  position,  and  are  for  the 
escape  of  the  heated  air  or  gas  arising  from  the  fire,  which  may  be  made  on  the  furnace  bars  e,  or 
in  any  other  way  that  may  be  found  convenient.  /,  /,  /,  are  flues  or  spaces  which  also  serve  for 
the  escape  of  the  heated  air  or  gas  arising  from  the  fire,  g,  g,  are  the  sides  of  the  furnace  ;  the 
front  is  supposed  to  be  taken  away,  in  order  to  show  the  boiler  or  generator.  //,  the  chimney. 
»',  »,  »",  are  bolts  for  screwing  the  tubes  or  pipes  c,  c,  together,  k,  the  feed-pipe  for  supplying  the 
boiler  or  generator  with  water.  I,  the  steam-pipe,  w,  ?»,  m,  arc  tubes  or  pipes  to  connect  the  tubes 
or  pipes  c,  c,  together,  n  is  the  ash-pit.  The  water  which  is  contained  between  the  tubes  or  vessels 
a,  a,  a,  may  be  pumped  into  the  boiler  or  generator  to  any  height  at  which  it  may  be  found  most 
convenient,  and  a  safety-valve  may  bo  attached  in  the  usual  way. 

From  a  series  of  well-directed  experiments,  Ogle  brought  his  boiler  to  a  great  state  of  perfection  ; 
he  received  much  practical  assistance  from  Thomas  Don,  the  experienced  millwright  and  engineer, 
who  for  a  considerable  time  was  engaged  with  Ogle  in  carrying  out  steam  locomotion  on  common 
roads.  Oneof  the  last  arrangi  1 1  tei  Ltsg i  ven  to  Ogle's  boiler  is  shown  in  Fig.  865:  one  of  the  horizontal 
tubes,  detached,  is  shown  in  Fig.  !S<><>;  the  dimensions,  shown  at  A,  3  by  3f  in.;  length,  3  ft.  4  in. 

This  boiler  was  composed  of  eleven  rows  of  perpendicular  tubes,  ten  tubes  in  each  row  ;  the 
internal  diameter  of  the  upright  tubes  was  3  in. 

After  a  aeries  of  experiments,  Ogle  and  Don  so  proportioned  the  heating-surface  to  the  volume 
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of  water  to  which  it  communicated  a  maximum  calorific  value,  that  they  dispensed  with  the  inner 
flues,  and  ultimately  produced  a  boiler  of  the  type  shown  in  Fig.  8G5.  Ogle  inserted  a  steam-pipe 
at  b  ;  this  pipe  was  pierced  with  holes  like  that  shown  in  the  Thomson  boiler,  Fig.  835.  The  holes 
in  Ogle's  superheating  and  drying  tube  were  not  equidistant  ;  they  stood  farther  apart,  near  the 
exit  at  b.  Ogle  possessed  great  mechanical  skill,  as  well  as  extensive  general  information  ;  he 
was  highly  educated  in  both  college  and  school.  In  early  life  he  was  an  officer  in  the  Koyal 
Navy  ;  his  attainments  in  other  departments  of  science  and  art  were  considerable,  and  no  man 
possessed  a  heart  with  a  greater  amount  of  the  milk  of  human  kindness  than  Nathaniel  Ogle. 
The  writer  knew  him  well  ;  peace  be  to  his  ashes. 
The  boiler  shown  in  Fig.  865  had 

sq.  in. 

110  upright  tubes  ;  surface  of  each  was  351  sq.  in.  ;  in  all     38,610 

22  horizontal  tubes  a,  a,  a  ;  surface  each  320  sq.  in.  ;  inali         ..      ..       6,400 
3  horizontal  tubes  to  join  the  rows  of  tubes  at  top  and  bottom,  for 

water-supply  and  to  take  off  the  steam  ;  the  surface,  in  all        . .       1 ,  296 


Or  320  sup.  ft.  or  heating-surface  contained  in  a  space  of  31|  cub.  ft.         46 ,  306 


Solid  contents  {  ÖÄef  ü*  ^  '  ** 


Or  180  gallons. 


cub.  in. 
31,680 
18,421 

50,104 


The  Dundonald  boiler  is  shown  in  Figs.  867  to  871  ;  this  arrangement  is  original  and  very 
complete. 

Fig.  867  is  a  general  view  of  the  boiler  invented  by  Thomas  Cochrane,  commonly  called  Earl 
Dundonald.  A  is  an  aperture  at  the  back  of  the  ash-pit  to  admit  heated  air  through  a  duct  or 
channel  B,  C,  to  unite  with  the  candent  gaseous  products  of  combustion  at  O,  and  complete  the 
decomposition  of  fuliginous  matter.  From  this  boiler  Dundonald  cuts  off  the  steam-chest  D,  E,  F,  G, 
reducing  the  altitude  of  the  boiler  to  D.  G,  and  in  lieu  of  the  steam-chest  he  adds  a  reservoir  H,  K, 
of  sufficient  capacity,  using  the  device  L,  M,  being  a  plate  of  iron  or  other  substance,  whereof  the 
part  M  may  either  be  immersed  in  the  water,  or  a  pipe  or  channel  M,  L,  may  be  added,  whereby 
the  spray  or  water  hurried  up  by  the  steam  may  descend,  so  that  the  steam  which  shall  enter  the 
centrifugal  separator  O,  P,  may  be  comparatively  dry  ;  but  should  any  spray  remain  enveloped  by 
the  steam,  the  same  will  adhere  to  and  fall  down  from  the  separator  through  the  tube  or  channel 
Q,  which  performs  the  same  office  as  M,  N.  It  is  obvious  that  these  channels,  being  immersed  at 
their  lower  extremities,  do  not  permit  the  flow  of  steam  in  a  direction  contrary  to  the  issue  of  the 
separated  water. 

Fig.  868  exhibits  a  common  tubular  boiler,  from  which  the  lofty  appendage  of  a  steam-chest 
may  be  removed  and  the  steam  reservoir  substituted.  H,  K,  represents  that  reservoir,  and 
D,  E,  F,  G,  the  steam-chest  cut  off,  which  important  improvement  Dundonald  renders  practicable 
by  devices  that  retain  the  spray  or  water  termed_pH7wm.gr.  L,  M,  is  a  guard  to  ward  off  the  effect 
of  violent  ebullition,  and  at  M,  N,  is  an  opening  or  channel  (the  lower  part  whereof  terminates 
under  water  to  prevent  a  counter-current  of  steam),  through  which  opening  or  channel  the 
greater  part  of  the  priming  descends,  leaving  the  steam  comparatively  dry  to  enter  the  centrifugal 
separator  O,  P. 


Fig.  869  is  an  enlarged  view  of  that  separator,  on  the  sides  of  which  the  remaining  spray 
impinges  by  its  rectilinear  impulse,  and  adheres  until  it  descends  through  a  submerged  pipe  or 
channel  Q,  and  returns  into  the  boiler.  The  dry  steam  enters  the  reservoir  H,  K,  at  the  ends  of 
the  separator  O,  P,  by  the  openings  P,  the  rest  O  being  closed.  But  in  constructing  boilers  it  is 
proposed  wholly  or  partly  to  envelop  the  funnel  in  the  reservoir,  and  so  render  the  steam  still 
more  dry  by  imparting  thereto  the  heat  which  the  products  of  combustion  may  then  and  there  be 
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able  to  impart.  Condensed  steam  may  be  drawn  off  from  the  reservoir  H,  K,  and  returned  to  the 
boiler  by  a  small  transfer-pump  R,  or  by  a  connection  with  the  feed-pump,  or  it  may  be  blown  out 
through  a  pipe  by  the  steam  pressure. 

Fig.  870  shows  a  means  of  communicating  power  to  propelling  apparatus  without  long  shafts 
or  the  ordinary  gear,  x  is  a  steam  generator  ;  y  is  a  steam-pipe  enclosed  in  a  case  composed  of 
the  least-conducting  material  to  prevent  loss  of  heat  ;  and  z  is  a  steam  reservoir,  placed  as  near 
the  extremity  of  the  vessel  as  may  be  convenient  ;  thus  a  short  propeller-shaft  from  an  engine 
contiguous  thereto  will  suffice.  Contiguous  to  the  reservoir  z,  and  reaching  to  the  stern-frame, 
Dundonald  placed  a  water  or  an  air  and  water  tight  tank,  through  which  the  propeller-shaft  passes, 
whereby  the  bearings  were  kept  cool,  and  leakage  from  the  stuffing-boxes  prevented. 

Fig.  871  is  a  boat  boiler,  which,  as  regards  its  steam-generating  arrangements,  may  be  on  the 
usual  locomotive  plan.  Dundonald's  improvements  consisted  in  placing  around  the  funnel,  or 
where  most  convenient,  a  steam-separator  to  ward  off  the  effect  of  violent  ebullition  or  external 
agitation,  and  draw  off  the  spray  or  priming  arising  therefrom  by  the  pipe  or  channel  M,  N,  or  Q, 
leaving  the  steam  comparatively  dry  to  pass  into  the  lower  reser-  R?1 

voir  H,  K. 

Dundonald  justly  claims  the  constructing  of  boilers  with  steam 
reservoirs  below  the  level  of  the  water  in  lieu  of  and  dispensing 
with  steam-chests  above  ;  and  also  the  means  of  retaining  the  heat 
and  drying  the  steam  in  a  reservoir  by  the  presence  of  a  portion  of 
fire-surface,  or  by  the  passage  of  the  flue  or  chimney  therein. 

His  invention  also  prevents  the  overflow  of  water,  termed  pri- 
ming, into  a  steam  reservoir  by  protecting  plates  or  channels,  having 
grooves  or  ducts,  whose  lower  extremity  is  immersed  in  water  within 
the  boiler,  or  terminates  in  the  steam  reservoir,  and  so  leaves  a 

free  issue  for  the  priming  which  separates  from  the  steam.  Dundonald  also 
rightly  claims  a  spiral  or  other  centrifugal  separator,  which  for  the  purpose 
might  be  square  or  other  shape,  and  still  perform  the  office  of  separator 
on  the  principle  thereof;  and  the  introduction  of  a  submerged  opening, 
groove,  pipe,  duct,  or  channel,  whereby  the  spray  or  water  so  separated 
may  descend  or  pass  off  unopposed  by  a  counter-current  of  steam. 

About  the  year  1846  James  Montgomery  introduced  the  boiler  arrange- 
ments shown  in  Figs.  872,  873. 

Fig.  872  is  a  vertical  section  through  the  boiler  and  through  the  fur- 
nace by  which  it  is  heated.  Fig.  873  is  a  horizontal  section  through  the 
furnace  in  the  line  x ,  x ,  of  Fig.  872. 

G,  C,  is  the  fire-chamber  into  which  the  fuel  is  to  be  fed  through  a 
series  of  doors  at  the  side.  C,  C,  are  the  grate-bars.  D  is  the  ash-pit. 
E,  E,  are  vertical  tubes  through  which  the  water  is  to  circulate.  These 
tubes  pass  through  suitable  heads  F,  F.  The  case  or  body  of  the  boiler 
that  contains  the  tubes  is  represented  as  rectangular  ;  but  Montgomery 
sometimes  made  it  cylindrical,  and  varied  its  form  in  other  ways.     The 


fire-chamber  is  surrounded  by  a  water-space  G-,  G,  which  is  continued  on  the  sides  of  the  con- 
taining case  of  the  vertical  tubes.  H,  H,  is  the  steam-chamber;  I,  I,  the  water-line;  J,  J,  that 
portion  of  the  boiler  that  is  below  the  lower  tube-head;  and  K,  K,  the  bottom  of  the  boiler. 
This  bottom  is  made  convex  outwards,  and  may  be  either  spherical  or  conical  ;  and  as  the  heat 
from  the  fire  does  not  act  on  this  bottom,  the  water  contained  between  it  and  the  lower  tube-head 
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will  be  in  a  state  of  comparative  quiescence,  in  consequence  of  which  the  sedimentary  matter, 
from  which  incrustations  are  ordinarily  formed  on  the  bottoms  and  other  parts  of  boilers,  will 
settle  down  in  a  loose  unaggregated  state.  By  means  of  a  tube  L,  and  a  cock  M,  or  by  the  aid  of 
an  ordinary  valve,  the  accumulated  sediment  may  at  any  time  be  blown  off  without  occasioning 
any  considerable  waste  of  water. 


The  flame  or  heat  from  the  fire-chamber  is  directed,  first,  against  the  upper  ends  of  the 
vertical  tubes,  and  then  upon  their  lower  ends  ;  and  to  effect  this  a  partition  or  diaphragm  N,  N, 
was  placed  so  as  to  divide  the  larger  portion  of  the  chamber  containing  the  tubes  into  two 
parts,  an  upper  and  lower  chamber.  This  will  direct  the  draught,  as  indicated  by  the  arrows, 
first  into  the  space  above  the  diaphragm,  around  which  it  will  pass  to  the  chamber  below  the 
diaphragm,  thence  into  the  flue-space  O,  O,  below  the  ash-pit,  and  thence  to  the  chimney  P 
The  introduction  of  this  diaphragm-plate  is  an  important  feature,  and  first  introduced  by  Mont 
gomery. 

Q,  Q,  Fig.  872,  is  a  shield,  consisting  of  a  plate  of  metal  placed  below  the  boiler-head  at  such 
distance  therefrom  as  to  allow  of  a  steam  passage  between  the  two  ;  its  diameter  is  somewhat  less 
than  that  of  the  boiler-head,  so  as  to  allow  the  steam  from  the  steam-chamber  to  pass  into  it 
whilst  it  completely  covers  the  upper  ends  of  the  vertical  tubes.  By  this  arrangement  of  the 
shield  the  steam  is  drawn  equally  from  all  parts  of  the  circumference  of  the  boiler  ;  the  foaming 
of  the  water  when  the  pressure  is  taken  off  by  the  admittance  of  steam  into  the  cylinder  will  also 
be  in  great  measure  prevented.  R,  R,  is  the  steam-pipe  leading  from  the  middle  of  the  boiler- 
head  to  the  engine. 

Montgomery  adds  : — "  The  producing  of  a  free  and  continuous  circulation  of  the  water  in  a 
boiler  has  been  frequently  attempted,  but  has  not  been,  as  I  am  well  assured,  hitherto  attained  ; 
but  by  my  plan  of  arranging  the  respective  parts  of  the  boiler  in  such  way  as  that  its  bottom  shall 
not  be  subjected  to  the  direct  action  of  heat,  and  of  introducing  it  laterally  among  the  vertical 
tubes  at  their  upper  ends,  I  not  only  secure  the  ready  depositing  of  the  sediment  as  stated,  but 
effect  a  rapid  and  decided  circulation,  which  prevents  all  incrustation  on  the  interior  of  the  tubes 
and  at  the  bottom  of  the  boiler,  and  also  augments  the  quantity  of  steam  generated.  I  have 
represented  the  diaphragm  as  situated  at  about  one-third  of  the  height  of  the  boiler  from  its  top, 
but  it  may  be  placed  near  its  middle,  or  lower  down  if  preferred,  the  fire-chamber  also  being 
depressed  to  accord  therewith." 

The  fire  is  to  be  ignited  at  the  part  nearest  to  the  boiler,  and  successively  through  the  doors 
more  and  more  distant  from  it,  the  object  of  which  is  always  to  keep  a  clear  fire  towards  the 
boiler,  the  fireman  moving  the  fuel  which  has  ceased  to  give  out  smoke  gradually  forward,  and 
giving  the  new  supply  at  a  distant  door,  so  as  to  cause  the  smoke  to  pass  over  a  clear  fire,  by  which 
mean-;  it  will  be  completely  burnt,  the  unavoidable  leaking  in  of  atmospheric  air  being  sufficient 
to  produce  that  result  ;  an  additional  supply  may,  however,  be  given  should  it  be  found  necessary. 
W,  VV,  Fig.  872,  is  a  waste-steam  pipe  leading  from  the  ordinary  safety-valve  into  the  ash-pit  D. 
This  pipe  will  conduct  the  steam  that  escapes  through  the  valve,  whether  in  small  or  large 
quantities,  into  said  ash-pit  ;  and  when  the  quantity  is  large  from  the  effect  of  too  great  pressure, 
the  steam  will  have  the  effect  of  damping  the  fire,  and  thus  of  regulating  the  pressure. 

Montgomery  also  introduced  a  peculiar  method  of  applying  expanding-rods  to  boilers,  for  the 
purpose  of  preventing  explosions  by  damping  the  fire  before  the  point  of  danger  was  reached. 

One  form  of  this  arrangement  is  shown  in  Fig.  873.  s,  s,  is  a  rod  which  is  made  fast  to  the 
front  furnace-plate,  as  at  t.  It  passes  through  suitable  stays  to  prevent  its  bending,  is  jointed  at 
its  rear  end  to  a  rod  u,  and  this  at  its  opposite  end  is  jointed  to  a  rod  v,  v,  that  passes  to  the  front 
of  the  boiler  ;  to  is  a  rod  that  passes  from  the  rod  w,  through  a  stuffing  box  x,  and  is  made  fast  to 
an  immovable  bulkhead  at  y  ;  the  rod  w  consequently  remains  stationary  ;  the  expansion  of  the 
boiler  and  rod  by  heat  will  therefore  have  the  effect  of  causing  the  boiler  to  slide  back  on  the  rod 
v>.  and  will  cause  the  rod  w  to  force  the  rod  v,  v,  forward.  The  rod  v,  v,  passes  through  a  stuffing- 
box  at  a1  on  the  front  of  the  boiler,  and  its  end  bears  against  a  rod  61,  which  is  attached  by  a  joint- 
pin  to  a  short  arm  or  stud  c1. 

In  the  vertical  section,  Fig.  872,  the  lever  61  is  seen  as  acting  against  a  lever  which  operates  on 
a  valve  e1  that  is  connected  to  the  steam-pipe  R  by  a  smaller  pipe  fl.     When  tho  expansion-rods 
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force  ont  the  valve  e\  steam  will  pass  up  the  tube  g\  and  force  in  a  piston  at  A1,  and  will  close  the 
damper  ¿'  by  an  arrangement  of  levers,  the  action  of  which  will  be  readily  understood  on  inspec- 
tion. To  cause  the  lever  d1  to  return  with  certainty  to  its  place  when  the  expansion-bars  contract, 
a  weight  jx  is  applied  to  a  cord  that  passes  over  a  pulley  kl.  The  front  of  the  furnace,  it  is  to  be 
observed,  is  to  be  so  stayed  that  the  whole 
expansion  of  it   and  of  the  boiler   shall   be  ' 

towards  the  back.      Montgomery  says.  "  In-  __ __ 

stead  of  carrying  the  steam  from  the  ordinary  y''  Ns% 

safety-valve   through    the  waste-steam    pipe  / 

"VV,  W,  as  before  mentioned,  I  sometimes  adopt  /  \ 

the  arrangement  of  admitting  a  portion  thereof 
by  the  action  of  the  expansion-rods.  In  this 
case,  in  addition  to  the  ascending-tube  g\  g\ 
that  gives  a  passage  to  the  steam  that  is  to 
close  the  damper  i\  I  allow  a  tube  g11  to  de- 
scend from  the  chamber  of  the  valve  el  and  to 
enter  the  ash-pit  ;  the  portion  of  steam  that 
descends  through  this  tube  will  co-operate 
with  that  which  ascends  through  the  tube  gl 
in  damping  the  fire.  The  expansion-bars  are 
to  be  made  of  any  suitable  composition,  and 
these,  when  the  boiler  is  of  iron,  are  to  be  en- 
closed in  tubes  of  iron,  the  expansion  of  which 
will  be  the  same  with  that  of  the  boiler; 
when  the  boiler  is  of  copper,  the  enclosing- 
tubes  must  be  of  that  metal.  By  the  enclos- 
ing-tubes the  expansion-bars  are  kept  from 
the  contact  of  moisture,  and  all  galvanic  action 
is  thereby  prevented.  The  operation  of  the 
expansion-rods,  when  arranged  in  the  manner 
described,  will  be  such  as  to  ensure  the  ope- 
rating of  the  whole  amount  of  their  expansion 
upon  the  apparatus  by  wdiich  the  damping  of 
the  fire  is  to  be  effected." 

As  an  inventor,  Montgomery  has  but  few 
equals.  We  therefore  give  another  form  of 
boiler  invented  by  him  about  1859.  This 
boiler  is  shown  in  Figs.  874,  875,  876,  877. 
In  part  a  front  elevation,  Fig.  874,  and  in  part 
a  vertical  transverse  section,  Fig.  874.  The 
parts  shown  in  these  four  figures  are  referred 
to  by  numbers  instead  of  by  letters. 

Fig.  875  is  a  vertical  longitudinal  section  ; 
Fig.  876  is  a  transverse  section  of  the  upper 
part  of  the  boiler,  exhibiting  a  modification 
in  the  form  of  the  crown-plate  ;  Fig.  877  is  a 
longitudinal  interior  view  of  a  segment  of  the 
cylindrical  portion  of  the  boiler,  showing  the 
form  of  passages  communicating  between 
the  upper  and  lower  portions.  45  represents 
the  furnace,  and  46  and  47  flues  through 
which  the  products  of  combustion  pass  to 
the  stack  48  ;  49  is  a  corrugated  plate  of 
metal,  forming  the  crown  of  the  furnace  and  the  floor  of  the  upper  water-space  ;  50  is  a  bridge, 
which  serves  to  deflect  the  products  of  combustion  upward,  and  receive  the  heat  therefrom,  which 
is  imparted  to  the  body  of  the  water  which  it  contains  ;  51  are  corrugated  metallic  plates,  forming 
a  series  of  tubes  of  oblong,  elliptical,  circular,  or  other  section,  between  which  the  products  of 
combustion  pass,  and  through  which  water  circulates  x>r  flows  upward  by  the  effect  of  heat,  to 
facilitate  which  the  said  tubes  are  formed  of  increasing  diameter  towards  their  upper  ends.  The 
plates  are  made  of  greater  thickness  at  their  lower  parts  to  preserve  them  longer  from  the  de- 
structive effect  of  the  deposit  of  ashes  between  them.  52  are  the  fire-doors,  and  53,  doors  giving 
access  to  the  flues  :  54  is  a  damper  which,  when  open,  affords  direct  communication  between  the 
furnace  and  stack  to  facilitate  kindling  the  fire.  The  plates  by  which  the  corrugated  tubes  are 
sustained  and  connected  at  their  ends  may  be  either  cast  or  wrought  metal.  In  the  former  case 
the  ends  of  the  tubes  are  first  upset  so  as  to  form  flanges,  which  may  be  separated  and  turned  to 
different  angles.  The  tubes  are  then  placed  in  position  in  a  suitable  mould,  and  molten  metal 
run  upon  their  ends  SO  as  to  cement  the  whole  firmly  together,  or  form  menus  of  connecting  them 
as  may  be  desired.  In  order  to  fix  the  tubes  in  wrought  metal  plates,  apertures  of  the  requisite 
size  and  shape  are  first  formed  in  the  said  plates  and  the  tubes  inserted  therein;  the  ends  of  the 
tubes  are  theo  somewhat  expanded,  and  thimbles  (56)  inserted,  which  form  internal  supports,  and 
enable  the  ends  of  the  tubes  to  be  upset  or  caulked  so  as  to  produce  secure  steam-tight  joints 
between  them  and  the  connecting-plates  (58).  If  preferred,  the  thimble  may  be  replaced  by  a 
simple  stay  introduced  between  the  opposite  salient  portions  of  the  plates  near  their  edges.  The 
whole  nest  of  corrugated  plates  forming  the  interior  water-spaces  is  held  in  position  by  screw 
bolts  (59).  which  admit  of  the  removal  of  the  whole  nest  bodily  for  inspection,  cleansing,  or 
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repairs,  and  the  connecting-plate  may,  if  desired,  be  constructed  in  sections  connected  in  like 
manner  so  as  to  facilitate  the  same  end.  The  corrugations  in  the  metallic  plates  are  advantageous 
in  giving  strength  and  rigidity  to  the  structure,  and  affording  an  increased  extent  of  heatiup-- 
surface  ;  and,  when  placed  at  right  angles  to  the  line  of  draught,  present  surfaces  against  which  the 
products  of  combustion  impinge  with  some  force,  and  thus  temporarily  arrest  their  progress,  and 
cause  them  to  part  with  more  of  their  contained  heat.  By  means  of  this  arrangement  a  large 
portion  of  the  heat  produced  passes  immediately  into  the  upper  part  of  the  water  through  the 


medium  of  the  plate  (49),  and  thus  effects  the  generation  of  steam,  the  heat  evolved  by  contact 
with  the  plates  or  tubes  (51)  serving  to  raise  the  temperature  of  the  water  contained  between 
them,  and  to  generate  an  additional  amount  of  steam.  When  employed  for  the  formation  of 
furnace  crowns  and  plates  as  (49),  the  corrugations  are  preferred  to  run  transversely  of  the  arch  or 
at  right  angles  to  its  axis,  in  order  to  form  opposing  curves  to  add  to  the  strength  and  rigidity  of 
the  structure,  which  end  is  further  accomplished  by  forming  the  corrugations  of  greater  depth 
towards  the  centre  or  crown  of  the  plate  than  at  or  near  its  sustained  edges  or  ends,  as  shown  in 
Figs.  874  and  876.  The  crown-plate  (49)  exhibited  in  Fig.  875  presents  in  its  longitudinal  section 
alternate  corrugations  of  different  sizes  surmounted  by  vertical  ribs  or  laminse  (60),  which  is  believed 
to  constitute  an  original  form  of  plate,  possessing  greater  strength  in  proportion  to  the  weight  of 
metal  than  any  other  known  ;  the  ribs  (60)  also  afford  facility  for  the  attachment  of  stays  or 
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braces  (61).  In  high-pressure  -DOilers  the  corrugations  in  the  plates  (51)  forming  the  internal 
water-tubes  will  also  be  rolled  of  increasing  depth  toward  the  centre  to  give  them  additional 
strength.  For  low-pressure  boilers  the  plates  (51)  are  formed  with  corrugations  running 
horizontally  as  well  as  vertically,  the  effect  of  which  is  to  avoid  any  injury  by  contraction  and 
expansion  from  changes  of  temperature,  and  also  to  afford  increased  heating-surface.  In  this  case 
the  tubes  are  made  circular  in  the  general  form  of  their  transverse  section. 

The  operation  is  as  follows  : — The  products  of  combustion  pass  from  the  furnace  (45)  over  the 
bridge  (50),  down  the  flue  (46)  to  the  diaphkagm-plate  (62),  by  which  they  are  deflected  hori- 
zontally between  the  corrugated  tubes  (51)  to  the  end  of  the  said  plate  (62),  where  they  descend 
and  are  carried  horizontally  in  the  opposite  direction  between  the  lower  ends  of  the  tubes  (51), 
and  having  thus  been  made  to  part  with  a  large  proportion  of  their  heat,  pass  upward  through  the 
side  flues  (47)  to  the  stack  (48),  their  course  throughout  being  indicated  by  arrows  a.  By  this 
means  the  plates  composing  the  water-tubes  are  preserved  from  unequal  vertical  expansion  in 
their  front  and  rear  portions  respectively,  and  the  corrugated  form  of  the  said  plates  prevents  any 
injurious  results  from  the  greater  horizontal  expansion  of  the  upper  than  that  of  the  lower  portion. 
Feed- water  (see  arrows  6)  is  introduced  into  the  lower  portion  of  the  boiler  through  the  port  (63), 
and  in  accordance  with  the  laws  of  rarefaction  by  heat  a  constant  circulation  is  produced,  the 
hottest  portion  of  the  water  at  all  times  passing  to  the  upper  region  of  the  boiler  immediately 
above  the  furnace,  at  (  which  point  the  most  intense  heat  is  imparted  from  the  furnace  so  as  to 
produce  there  the  chief  generation  of  steam,  which  rises  freely  in  the  steam-space  without  pro- 
ducing any  serious  ebullition  or  disturbance  of  water  to  cause  foaming.  In  the  lower  region  of  the 
boiler  a  constant  circulation  of  water  occurs  up  the  tubes  (51)  and  down  the  external  water-ways 
(65),  any  steam  generated  by  contact  with  the  upper  ends  of  the  tubes  rising,  together  with  the 
water  with  which  it  is  mingled,  through  the  passage  (66),  and  "  solid  "  water  descending  through 
the  external  passages  (67)  to  take  its  place  :  it  will  thus  be  seen  that  the  present  arrangement 
causes  the  steam  as  fast  as  formed  to  rise  with  the  water  instead  of  through  it,  which  results  in 
the  prevention  of  foaming  and  in  keeping  the  water  in  close  contact  with  the  heating-surfaces. 
The  passages  (67)  communicate  with  the  lower  region  of  the  boiler  by  long  narrow  ports  (671) 
running  transversely  of  the  boiler,  as  shown  in  Fig.  877,  which  produce  no  weakening  effect, 
because  their  combined  diameter  longitudinally  of  the  boiler  is  not  greater  than  that  of  the  rivet- 
holes  necessary  for  connecting  the  plates.  In  Fig.  875  the  damper  (54)  is  shown  located  at  the 
bottom  of  the  descending-flue  (46),  in  order  that  when  it  is  opened  any  accumulation  of  ashes  may 
be  discharged  into  the  box  beneath,  from  whence  it  is  readily  removable;  the  action  of  this 
damper  also  facilitates  the  kindling  of  the  fire. 

In  a  paper,  by  Charles  Wye  Williams,  printed  in  the  'Trans,  of  Inst.  N.  A.,'  on  the 
"  Construction  of  Marine  Steam-Boilers,"  Williams  says  that  it  is  highly  desirable  to  raise  a 
preliminary  question,  namely,  how  to  realize  the  greatest  calorific  effect  from  the  coal  by 
generating  the  largest  amount  of  heat  ;  and  it  is  only  when  this  is  effected,  that  we  come, 
practically,  to  the  application  and  utilization  of  that  heat  in  the  boiler,  and  thus  to  generating 
the  largest  quantity  of  steam.  In  speaking  of  the  power  by  which  the  engine  is  made  available, 
we  rightly  refer  to  the  steam  itself.  So,  when  we  speak  of  the  amount  of  power  exercised,  we 
refer,  practically,  to  the  quantity  of  steam  generated.  We  may  here,  then,  discard  the  term 
pressure,  so  much  commented  on,  because  this,  when  rightly  understood,  represents  but  the  mere 
quantity  confined  within  the  volume  of  the  boiler.  On  what,  then,  does  this  quantity  depend  ? 
not,  certainly,  on  the  mere  weight  of  coal  consumed,  since  any  weight  may  be  so  misapplied  or 
wasted  under  an  inefficient  boiler  as  to  have  little  effect  on  the  quantity  of  steam  generated.  In 
the  generation  of  heat,  the  only  ingredients  are  the  fuel  and  the  air.  Their  successful  combination 
belongs  to  the  proportions  and  appendages  of  the  furnace,  wholly  apart  from  the  boiler  placed  over 
it,  the  result  depending  solely  on  the  perfection  with  which  that  combination  is  effected.  Now, 
that  combination,  says  Williams,  is  a  purely  chemical  process,  and  is  determined  by  the  union  of 
due  equivalents  of  the  air  and  fuel.  The  perfection  of  this  process,  however,  be  it  ever  so 
complete,  has  no  fixed  relation  to  the  amount  of  steam  generated.  To  speak,  then,  in  the  fashion 
of  the  day,  of  the  evaporative  value  of  any  description  of  coal,  is  at  once  incorrect,  delusive,  and 
unmeaning.  Strictly  speaking,  there  is  no  such  thing  as  an  evaporative  value  in  coal,  although  we 
can  well  understand  its  heat-generating  or  calorific  value.  The  generation  of  heat  is  a  wholly 
different  thing  from  its  application.  The  importance  of  this  distinction  has  yet  to  be  appreciated 
by  practical  engineers.  As  the  generation  of  heat  is  the  peculiar  province  of  the  furnace,  or 
alembic,  in  which  the  combustible  fuel  and  the  atmospheric  oxygen  are  to  be  combined,  so  the 
generation  of  steam  is  the  province  of  the  boiler,  and  to  this  latter  belongs  the  degree  of  perfection 
with  which  that  heat  will  be  transmitted  to  the  water,  and  steam  thus  produced. 

We  have,  then,  two  distinct  processes  or  operations  to  consider  :  first,  the  generation  of  the 
heat  ;  and  secondly,  its  application,  involving  the  heat-transferring  property  of  the  boiler-plates 
as  the  direct  cause  of  the  generation  of  steam.  To  the  confusion  which  has  hitherto  prevailed 
in  reference  to  these  distinct  processes  may  be  attributed  the  absence  of  attention  to  the  propor- 
tions, conditions,  and  separate  functions  of  the  furnace  and  the  boiler.  The  consequence  of  this 
confusion  is,  that  a  wrong  direction  continues  to  be  given  to  the  inquiries  of  even  the  most 
ingenious  and  practical  men.  While  we  have  been  endeavouring  to  ascertain  the  relative  calorific 
(erroneously  called  the  evaporative)  values  of  different  kinds  of  coal,  we  should  have  been  con- 
sidering the  relative  heat-transmitting  properties  of  the  different  kinds  of  boilers.  Of  this  we 
have  a  notable  instance  in  the  late  commission  issued  under  the  direction  of  the  Admiralty  to 
inquire  into  the  kind  of  coal  best  suited  for  steam-vessels  of  war,  but  in  which  no  reference 
whatever  was  made  to  the  peculiarities  and  imperfections  of  the  boiler  employed,  and  hence  the 
unsatisfactory  character  of  the  results,  as  will  hereafter  be  shown.  On  this  head  we  have  also  a 
report  from  the  late  H.  De  la  Beche  and  Lyon  Playfair  on  the  so-called  "  evaporative  power  and 
value  of  the  North  of  England  and  South  Wales  coal."     Thi3  report  assigns  to  the  latter  an 
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evaporative  value  which  is  purely  theoretical,  and  altogether  erroneous  and  misleading.  In  it 
we  detect  the  grave  error  of  confounding  calorific  with  evaporative  power,  which  are  there  assumed 
to  be  identical. 

In  considering  the  calorific  value  of  any  description  of  coal,  we  cannot  omit  estimating  that 
waste  of  its  constituents  which  goes  to  the  production  of  smoke,  and  the  deposit  of  soot,  with  its 
non-conducting  property,  but  which  forms  no  part  in  a  theoretic  estimate  of  its  calorific  properties. 
On  this  point  K.  Murray  has  offered  some  remarks  which  here  demand  attention.  "However 
desirable  it  may  be,"  observes  Murray,  "  in  other  respects,  to  '  burn  smoke,  '  by  admitting  air  into 
the  furnace  above  the  bars,  this  is  not  always  found  to  be  an  economical  process."  It  is  to  be 
regretted  that  he  has  offered  no  evidence  in  justification  of  this  statement,  which,  says  Williams, 
I  hold  to  be  the  very  reverse  of  fact.  I  can  at  any  time  show  a  boiler  in  daily  work,  in  which,  not 
only  the  full  calorific  value  of  each  description  of  coal  may  be  ascertained,  but  in  which  the 
economy  of  combustion  with,  and  without,  smoke,  is  indicated  with  the  greatest  certainty. 
Again,  Murray  in  his  paper  observes,  "  the  burning  of  smoke,  as  it  is  called,  by  artificial  methods, 
has  not  proved  very  successful  in  economizing  fuel  ;  but  that,  by  proper  firing,  and  by  admitting  a 
little  air  through  the  doors,  black  smoke  may  be  prevented  from  being  formed,  and  more  economy 
would  in  that  way  be  realized  than  by  using  artificial  means  for  burning  the  smoke."  In 
making  these  assertions,  Murray  should  have  supplied  some  information  as  to  what  he  means  by 
the  term  "  artificial  "  ;  what  it  is  that  he  characterizes  as  "  proper  firing  "  ;  and  what  is  meant  by 
"a  little  air."  Murray,  observed  Williams,  must  have  been  looking  at  some  of  the  scores  of 
patents,  ingeniously  varied  and  elaborated  as  mere  commercial  speculations,  for  effecting,  by 
costly  apparatus,  the  "burning  of  smoke"  ;  and  which  may  truly  be  called  "  artificial,"  including 
the  most  absurd  of  all,  the  heating  of  the  air.  But  if  he  will  refer  to  the  Newcastle  experiments 
he  will  find,  not  only  that  smoke  may  be  prevented,  but  that  a  considerable  economy  may  at 
the  same  time  be  uniformly  realized.  As  to  the  term  artificial,  if  that  be  applied  to  the  method 
of  introducing  atmospheric  air,  in  divided  streams,  into  the  furnace,  a  system  which — in  continua- 
tion Williams  goes  on  to  say — I  have  employed  for  many  years  with  very  great  advantage,  I  can 
only  say  that  Murray  may  with  equal  propriety  characterize  as  artificial  the  method  of  allowing 
water  to  issue  through  the  perforations  in  the  rose  of  the  common  watering-pot,  instead  of  its 
passing  in  an  undivided  stream,  as  when  the  rose  is  removed.  This  action  of  the  rose  is  identical 
with  the  mode  recommended  for  bringing  the  air,  in  divided  portions,  to  the  gas  in  the  furnace, 
for  the  purpose  of  a  more  rapid  intermixture.  As  to  admitting  a  little  air,  it  would  appear  that 
the  author  alludes  to  the  common  practice  among  stokers  of  opening  the  doors  to  a  small  extent. 
It  ought  to  be  remembered,  however — what  every  chemical  authority  states — that  the  10,000 
cub.  ft.  of  gas  generated  from  a  ton  of  Newcastle  coal,  absolutely  require  for  their  combustion  no 
less  than  100,000  cub.  ft.  of  atmospheric  air,  and  practically,  as  Daniel  observed,  require  fully 
double  that  quantity  for  the  ordinary  working  of  a  furnace;  and  this  independently  of  the  200,000 
cub.  ft.  required  for  the  coke  or  fixed  portion  of  the  same  ton  weight,  and  which  must  pass  up 
from  the  ash-pit.  The  following  proof  of  inattention  to  these  large  quantities  may  here  be  men- 
tioned. In  a  large  steamer  with  great  power,  a  difficulty  was  experienced  in  raising  the  required 
quantity  of  steam,  and  the  continued  discharge  of  the  densest  smoke  (where  the  engineer  had 
undertaken  that  there  should  be  none)  caused  great  annoyance.  The  remedy  adopted  was  the 
passing  of  one  of  the  2%-in.  tubes  through  the  smoke-box  into  the  stoke-room,  and  thus  allowing 
the  air  to  pass  through  it  to  the  gases  before  entering  the  tubes  !  It  need  only  be  observed  that 
it  had  no  more  effect  than  if  the  nozzle  of  a  common  hand-bellows  had  been  applied.  To  speak, 
then,  of  allowing  a  little  air  to  enter  by  the  doors,  seems  likely  to  mislead,  where  such  large 
quantities  of  air  are  chemically  essential  to  the  process.  Williams  further  asks,  Where  else,  then, 
above  the  fuel,  that  is,  in  the  chamber  of  the  furnace  (as  in  the  retorts  in  the  gas-works),  can  the 
combustible  gas  be  met  with,  or  where  else  can  this  enormous  quantity  of  air  be  required  to  effect 
the  necessary  union  and  combustion,  without  which  the  full  calorific  and  economic  value  of  the 
coal  cannot  be  realized  ? 

In  great  operations  like  these,  there  can  be  no  advantage  in  neglecting  or  counteracting  the 
demands  of  nature,  or  in  checking  the  operation  of  nature's  laws.  All  admit  that  gas  is  generated 
from  coal,  on  its  being  heated  ;  that  atmospheric  air  is  essential  for  the  combustion  of  that  gas,  and 
that  the  two  must  be  intermixed  for  chemical  combustion;  yet  we  violently  interfere  by  allowing 
neither  time  nor  space  for  these  operations,  and  in  most  cases  absolutely  prohibit  the  introduction 
of  any  air  at  all,  by  the  interposition  of  closely-fitting  doors  !  What,  then,  can  we  expect  but  imper- 
fection in  the  process  and  the  most  unsatisfactory  results  !  Is  it  not,  in  truth,  worse  than  stupidity 
or  folly  to  neglect  the  conditions  and  means  by  which  alone  the  constituents  of  the  fuel  can  be 
enabled  to  unite,  and  combustion  be  effected,  or  the  full  calorific  value  of  the  coal  be  realized  ? 

On  one  occasion  which  came  within  my  own  notice,  and  where  the  door-plate  box  had  been 
fitted  with  the  proper  number  of  orifices,  the  engineer  observed  that  my  own  plan  had  been  adopted. 
In  reply,  I  asked  if  he  had  ascertained  that  any,  even  the  smallest  quantity  of  air  had  passed  in 
through  the  300  f-in.  orifices.  The  orifices  were  duly  provided,  and  it  was  assumed,  as  a  matter 
of  course,  that  the  air  would  enter  through  them.  On  investigation,  however,  it  was  found  that 
no  air  whatever  had  passed  inwards  through  those  holes.  The  furnace-bars  being  7  ft.  long,  and 
the  chamber  so  shallow  that  the  fuel  actually  touched  the  crown  of  the  furnace,  the  back  ends  of 
the  bars  were  necessarily  uncovered,  and  the  volume  of  air  which  there  entered  was  so  great  that  the 
space  over  the  bridge  was  insufficient  for  its  passage,  and  consequently,  instead  of  any  air  passing 
inwards  through  the  perforated  door-plate,  much  of  the  air  and  products  of  combustion  (the  flame 
included)  actually  went  the  wrong  way,  returning,  and  forcing  the  flame  against  the  door-plate, 
and  outwards  through  the  holes,  so  as  to  destroy  the  door,  producing  what  is  known  by  the  term 
"  back-draught." 

Williams,  in  continuing  this  argument,  remarks  that  Murray  has  stated  that  not  only  is 
economy  not  effected  by  admitting  air  into  the  furnace  above  the  bars,  but  "considerable  caution 
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is  necessary  for  the  due  regulation  of  tire  quantity  of  air  thus  admitted  through  the  fire-doors." 
To  these  statements,  says  Williams,  I  can  in  no  way  assent.  The  following  proofs  may  at  any 
time  be  tested  by  Murray  in  my  own  furnace  and  boiler,  which  are  freely  used  by  the  coal-owners 
of  Lancashire  and  other  counties  for  testing  the  calorific  values  of  their  several  coals,  as  before 
shown.  Throughout  the  following  experiments  the  same  coal  was  used.  In  No.  1,  the  air  was 
freely  admitted  through  342  J-in.  holes  in  the  door-box,  as  was  done  at  Newcastle,  no  caution 
whatever  being  necessary.  In  No.  2,  these  orifices  were  closed,  and  the  door  was  the  ordinary  one 
as  generally  used. 


No.  1. 

No.  2 


Coal  used. 


Water 
evaporated. 


Water 

evaporated 

per  lb.  of 

Coal. 


lbs. 
268 

395 


lbs. 
2534 

1781 


lbs. 
9-45 


4-50 


Pyrometer  Heat 

in  Chimney  of 

escaping 

Product. 


1212 

847 


Remarks. 


No  smoke. 
Much  smoke. 


"With,  reference  to  the  absence  of  economy  on  the  one  hand,  and  the  "  considerable  caution  " 
required  on  the  other,  I  here  quote,  in  further  opposition  to  both  assertions,  the  words  of  the  three 
professional  umpires  at  Newcastle — Armstrong,  Eichardson,  and  Longridge — on  the  point  of 
admitting  the  air  at  the  door-end  of  the  furnaces.  In  their  published  reports  they  say,  as  to  steam 
generated,  "  there  was  a  large  increase  above  the  standard  in  every  respect."  Again,  "  The  pre- 
vention of  smoke  was,  we  may  say,  practically  perfect."  Again,  "  No  particular  attention  was 
required  from  the  stoker  ;  in  this  respect,  the  system  leaves  nothing  to  desire." 

"  The  results  show  a  large  increase  above  the  standard  in  every  respect.  The  prevention  of 
smoke  was,  we  may  say,  practically  perfect,  whether  the  fuel  burned  was  15  lbs.  or  27  lbs.  per 
sq.  ft.  per  hour.  Indeed,  in  one  experiment  we  burned  the  extraordinary  quantity  of  37J  lbs.  of 
coal  per  sq.  ft.  per  hour  upon  a  grate  of  15J  sq.  ft.,  giving  a  rate  of  evaporation  of  5|  cub.  ft.  of 
water  per  hour  per  sq.  ft.  of  fire-grate,  without  producing  smoke.  No  particular  attention  was 
required  from  the  stoker  ;  in  fact,  in  this  respect  the  system  leaves  nothing  to  desire,  and  the  actual 
labour  is  even  less  than  that  of  the  ordinary  mode  of  firing." — Report  on  Williams'  System. 

"  Mr.  Williams'  system  is  applicable  to  all  descriptions  of  marine  boilers,  and  its  extreme  sim- 
plicity is  a  great  point  in  its  favour." — Report  of  Armstrong,  Richardson,  and  Longridge. 

In  further  corroboration  of  these  returns,  we  have  also  the  authority  of  the  two  professional 
gentlemen,  Miller  and  Taplin,  deputed  by  the  Admiralty  to  report  on  "  the  evaporative  power  and 
economic  value  of  the  Hartley  coal  and  Welsh  steam-coal."  In  their  report  they  state  that  they 
inspected  a  modification  of  Williams'  plan  for  the  admission  of  air  into  the  furnace,  and  found  the 
prevention  of  smoke  to  be  almost  perfect.  Also,  that  on  the  3rd  of  August  they  inspected  the  appa- 
ratus in  the  '  Expert,'  steam-tug,  and,  "  as  they  were  on  board  for  several  hours,  they  had  every 
opportunity  of  seeing  the  effect  of  making  and  preventing  smoke  ;  and  although  there  was  no  very 
careful  stoking,  yet  the  prevention  of  smoke  was  almost  perfect." 

Having  explained  the  necessity  of  considering  the  calorific  or  heat-generating  property  of  the 
coal,  apart  from  the  steam-generative  property  of  the  boiler,  Williams  next  examines  the  latter  in 
reference  to  its  heat-absorbing  faculty. 

In  coming  to  consider  more  closely  the  heating-surface  of  the  tubular  system,  Wye  Williams 
observed,  I  would  first  insist  upon  the  importance  of  increasing  the  efficiency,  rather  than  the 
mere  gross  area,  of  such  surface.  This  should  be  the  first  consideration.  The  area  of  surface  in 
the  boilers  of  the  present  day  is  already  greater  than  would  be  necessary  were  it  more  efficient  as 
a  heat-transmitter.  Numerous  instances  indeed 
might  here  be  given  of  a  very  large  reduction  of 
the  surface  having  been  made  by  the  removal  of 
many  tubes  without  any  appreciable  result.  I  have 
evi  oi  known  boilers  to  be  improved  by  having 
several  tubes  removed  and  the  tube-plate  patched 
over  the  places  from  which  they  were  taken  out. 
The  accompanying  drawing,  Fig.  878,  of  the  face- 
plate of  the  Holyhead  steamer,  the  'Anglia,' 
illustrates  a  case  of  this  kind.  The  question  of 
efficiency,  as  contrasted  with  mere  area  of  heating- 
surface,  is  by  far  the  most  important,  although, 
strange  to  say,  it  is  the  most  neglected.  In  this 
direction  aloni;  may  we  expect  the  greatest  mea- 
sure of  improvement  of  which  boilers  are  suscepti- 
ble. The  evil  of  an  insufficiency  of  steam,  not- 
withstanding nu  ample  area  of  so-called  heating- 
surface,  at  once  raises  the  question  as  to  the 
demerits  of  the  tubular  system.  Tho  prevailing 
type  of  niodoii  boilers,  whether  for  railroads  or  for 
steam  navigation,  Is  characterized  as  the  multitu- 
bular boiler.  In  the  multitubular  system  the  heated  products  pass  from  the  furnace  through  a 
series  of  metallic  tubes,  varying  from  6  to  10  ft.  in  length,  and  from  1}  to  3  in.  in  diameter.  The 
avowed  object  of  this  subdivision  is  to  increase  the  aggregate  oï  surface  to  which  the  heat  is 
applied.      This   system  of  subdivision  of  the  heated  matter  is,  however,  prejudicial  both  in  a 
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chemical  and  mechanical  point  of  view,  by  attenuating  its  effect.  This  type  of  boiler  being' 
now  so  general,  an  inquiry  into  its  origin  is  not  only  necessary  in  explanation  of  its  adoption, 
but  as  a  means  of  tracing  and  correcting  the  error  into  which  we  have  fallen. 

The  tubular  system  was  first  adopted  by  George  Stephenson  in  the  locomotive,  the  '  Socket,' 
by  which,  in  1830,  he  won  the  prize  of  5001.  on  the  Manchester  and  Liverpool  Eailway.  The  use 
of  tubes  in  the  '  Eocket,'  at  the  suggestion  of  Henry  Booth,  the  treasurer  and  most  influential 
member  of  the  company,  was  then  accompanied,  not  for  the  first  time,  be  it  observed,  with  the 
passing  of  the  waste  steam  from  the  cylinders  though  the  chimney.  The  result  of  this  combina- 
tion of  tubes  and  artificial  draught  was  so  successful  and  so  unexpected  as  at  once  to  be  considered 
conclusive,  and  to  leave  no  room  for  doubt  or  inquiry.  The  steam-jet  in  the  chimney  created,  in 
fact,  so  powerful  a  draught  as  to  secure  an  adequate  combustion  of  the  fuel,  with  the  generation 
of  a  corresponding  sufficiency  of  heat,  while  the  tubes,  by  reason  of  the  large  surface  they  pre- 
sented, were  assumed  to  supply  the  other  desideratum — the  application  of  that  heat  in  the 
generation  of  steam.  Had,  however,  the  two  principles  been  separately  applied  and  examined, 
and  estimated  according  to  their  relative  and  respective  merits — which  never  was  done — it  would 
have  been  found  that  nearly  the  whole  of  the  favourable  result  obtained  was  really  owing  to  the 
steam  chimney-jet,  and  the  powerful  draught  it  occasioned.  The  value  of  the  combined  action 
of  the  jet  and  of  the  tubes,  however,  was  taken  for  granted,  and  has  since  been  considered  the 
perfection  of  efficiency. 

The  value  of  the  steam-jet,  and  of  the  increased  draught  it  occasions  in  locomotives,  has  been 
too  well  established  to  require  any  remarks  ;  I  will  (continues  Williams)  therefore  confine  myself 
to  the  use  of  the  tubes.  It  is  manifest  that  the  main  difficulty  under  which  engineers  abour,  as 
regards  marine  boilers,  consists  in  providing  adequate  heat-transmitting  surface.  This  difficulty 
early  suggested  itself  to  the  elder  Stephenson.  Smiles,  in  his  biography,  tells  us  that  his 
son,  the  late  lamented  Eobert  Stephenson,  observed,  "  Other  engines  with  a  variety  of  construc- 
tions were  made,  all  having  in  view  the  increase  of  the  heating-surface,  as  it  became  obvious  to 
my  father  that  the  speed  of  the  engine  could  not  be  increased  without  increasing  the  evaporative 
power  of  the  boiler."  This  inference  was  strictly  correct  ;  his  error  (hitherto  unexamined  and 
uncorrected)  lay  in  the  hasty  and  inconsiderately-formed  assumption  that  an  increase  in  the 
evaporative  or  steam-generative  power  would  necessarily  be  secured  by  an  increase  in  the  tubular 
surface.  This  error,  therefore,  naturally  led  him  to  an  extension,  not  only -of  the  number  of  the 
tubes,  but  to  give  them  the  length  of  even  13  ft.  So  fully  was  Eobert  Stephenson  impressed  with 
the  idea,  that  he  observed,  "  The  power  of  generating  steam  was  prodigiously  increased  by  the 
addition  of  the  multitubular  system."  That  this  inference  was  erroneous,  is  clear  from  the  fact 
that  the  '  Eocket  '  had  but  twenty-five  tubes  of  3  in.  in  diameter  and  6  ft.  long,  and  the  entire 
tubular  surface  had  but  the  insignificant  aggregate  of  117|  sq.  ft. — an  amount  of  surface  which 
would  excite  the  smile  of  modern  engineers  at  the  idea  of  its  "prodigiously  increasing"  the 
generation  of  steam.  The  insufficiency  of  so  small  an  amount  of  surface  to  produce  any  notice- 
able effect  was  subsequently  demonstrated  by  the  fact  that  in  the  Newcastle  boiler  (to  which  was 
applied  the  apparatus  to  which  the  prize  of  500¿.  was  awarded)  an  addition  of  forty  tubes  with  a 
surface  of  320  sq.  ft.,  and  placed  under  the  most  favourable  circumstances  for  transmitting  heat, 
had  but  little  effect,  and  could  only  extract  45°  out  of  600° — the  temperature  of  the  heated  pro- 
ducts passing  through  the  tubes.  "  The  heater,  which  was  used  for  the  purpose  of  heating  the 
feed- water,  slightly  increased  the  evaporative  effect  by  its  additional  absorbing  surface.  This 
increase  was,  however,  much  less  than  might  have  been  expected  from  the  large  absorbing  surface 
of  the  heater,  which  contained  320  sq.  ft.  ;  yet  it  was  found  that,  when  the  products  of  combustion 
before  entering  the  heater  were  at  600°,  the  passage  through  it  did  not  reduce  the  temperature 
more  than  4-0°  to  50°." — Report  of  Armstrong,  Richardson,  and  Longridge.  It  seems  strange  that 
this  fact,  so  suggestive,  and  so  prominently  noticed  and  recorded,  did  not  lead  to  further  inquiry 
as  to  the  cause  of  the  manifest  insufficiency  of  the  heat-transmitting  power  of  the  tubular  surface  ; 
nevertheless,  this  combination  of  the  tube-surface  system  with  the  jet  remains  still  unquestioned. 
"  The  superiority  of  the  arrangement  adopted  in  the  '  Eocket,'  "  observes  Smiles,  "  consisted 
in  the  rapidity  of  combustion  in  the  fire-box  keeping  pace  with  the  rapidity  of  motion  in  the  loco- 
motive itself;  for,  according  as  the  strokes  of  the  piston  in  the  cylinder  were  fast  or  slow,  so  were 
also  the  jets  of  steam  thrown  into  the  chimney  on  which  depended  the  draught  of  heated  air 
through  the  tubes  of  the  boiler,  and  consequently  "  (a  manifest  non-sequitur)  "  the  amount  of  steam 
generated  from  the  water  exposed  to  the  large  extent  of  heating-surface  which  they  presented."  Here 
we  see  no  indication  of  doubt  as  to  the  action  of  the  tubular  surface,  which  is  set  down  as  the  un- 
questioned source  of  the  generated  steam.  The  trial  with  the  'Eocket'  took  place  in  1830,  and 
the  supposed  steam-generating  value  of  tube-surface  remains  unquestioned  to  this  day. 

"It  was  not  until  some  years  after,  when  the  tubular  system  was  introduced  into  marine 
boilers,  that  I,"  adds  Wye  Williams,  "  began  to  entertain  any  doubts  as  to  its  merits.  Aware  of 
some  experiments  having  been  made  on  the  Manchester  and  Liverpool  Eailway,  I  applied  early 
in  1858  to  Dewrance,  then  chief  engineer  to  that  railway,  and  here  give  his  reply  to  my  inquiry. 
He  said  : — '  In  reply  to  your  inquiries  as  to  the  experiments  made  by  myself  and  Woods,  about 
the  year  1842,  as  to  the  evaporative  effect  of  the  tube  portion  of  a  locomotive  boiler,  I  have  to  say 
that  we  had  one  of  the  boilers  employed  on  the  Liverpool  and  Manchester  line  divided,  so  as  to 
separate  the  water  in  the  tubular  portion  of  the  boiler  from  that  in  connection  with  the  fire-box 
portion.  In  a  subsequent  experiment,  I  divided  a  small  boiler  into  six  different  compartments,  so 
that  I  could  ascertain  the  weight  of  water  evaporated  in  each.  The  first  compartment  was  but 
6  in.  long,  the  remaining  five  were  each  12  in. — the  tubes  being  6  ft.  6  in.  long.  The  result  was, 
that  each  square  foot  of  the  heat-absorbing  surface  in  the  first  compartment  was  about  equal  to  a 
square  foot  of  the  fire-box  surface.  In  the  second  compartment  each  square  foot  of  tubular  surface 
was  estimated  at  about  one-third  of  that  value  ;  but  in  the  remaining  four  compartments  the 
evaporation  was  so  small  as  to  raise  a  doubt  on  my  mind  whether  it  had  any  value  at  all.  In  fact, 
I  came  to  the  conclusion  that  the  first  6  in.  of  the  tubular  series  had  more  evaporative  effect  than 
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the  remaining  60  in.'  Here  was  ample  encouragement  for  further  inquiry,  the  heat-transmitting 
property  of  the  tubular  surface  being  so  seriously  impugned.  A  similar  experiment  had  been 
made  by  the  late  Benjamin  Hick,  of  Bolton,  a  com- 
petent and  able  experimenter.  The  conclusion  that 
he  came  to  was,  that  each  10  ft.  of  tube-surface  had 
only  the  heat-transmitting  power  of  1  ft.  of  furnace- 
surface.  My  own  experience  goes  far  in  corrobora- 
tion of  these  data,  as  will  presently  be  seen." 

To  exemplify  these  facts,  Williams  had  a  boiler 
so  constructed  that  the  heat-transmitting  value  of 
each  lineal  foot  of  tube  should  be  indicated  with 
absolute  certainty.  The  tube  was  3f  in.  diameter, 
similar  to  those  in  the  '  Eblana  '  steamer.  It  was 
5  ft.  long,  and  divided  into  six  compartments  or 
separate  boilers,  as  shown  in  the  annexed  engra- 
ving. Observing  that  the  boiling,  which  was  violent,  always  appeared  to  come  exclusively 
from  the  end  next  the  plate  in  which  the  tubes  were  inserted,  the  first  compartment  was  confined 
to  a  single  inch  of  the  tube,  the  second  to  10  in.,  and  the  remaining  four  compartments,  each  to 
12  in.     The  following  is  the  result  after  three  hours  : — 


First  Compart- 
ment, of  1  inch, 
evaporated. 


lbs.    oz. 
2     14 


Second,  of 
1 0  inches. 


lbs.    oz. 
2     15 


Third,  of 
12  inches. 


lb.     oz. 
1     14 


Fourth,  of 
12  inches. 


lb.    oz. 
1     6 


Fifth,  of 
12  inches. 


lb.    oz. 
1     2 


Sixth,  of 
12  inches. 


lb.    oz. 
1      1 


Here  we  see  the  first  single  inch  of  the  tube  evaporated  nearly  as  much  as  the  adjoining  10  in., 
while  the  first  11  in.  did  more  than  the  remaining  48  in. 

Desiring  to  place  this  beyond  all  question,  and  thinking  that  objection  might  be  made  to  the 
results  obtained  from  a  single-tube  boiler,  Williams  subsequently  had  a  boiler  constructed  with 
twenty-five  tubes — the  exact  number  of  the  '  Kocket  '  boiler — 6  ft.  long,  and  2 J  in.  internal  diameter. 
This  boiler  he  divided  into  three  compartments,  by  water-tight  partitions  placed  1  ft.  from  either 
end,  thus  leaving  a  central  compartment  4  ft.  long.  Having  connected  this  boiler  with  a  suitable 
furnace,  he  found  that  the  water  in  the  first  compartment,  which  received  all  the  heat  transmitted 
through  the  tube-plate,  boiled  in  twenty-three  minutes  from  the  time  of  lighting  the  fires  ;  that  in 
the  second  compartment  it  took  forty-eight  minutes  to  boil  ;  and  that  in  the  last  compartment  it  did 
not  boil  until  fifty-nine  minutes  had  elapsed.  During  three  hours  of  uniform  firing,  the  following 
results  were  obtained.  In  the  first  compartment,  a  foot  long,  240  lbs.  of  water  were  evaporated  ; 
in  the  second  compartment  an  average  of  only  70  lbs.  of  water  for  each  foot  of  length  was 
evaporated  ;  and  in  the  last  compartment,  a  foot  long,  only  50  lbs.  of  water  were  evaporated. 

Having  thus  established  the  fact  of  the  great  evaporative  efficiency  of  the  first  compartment 
of  the  tube,  and  especially  of  the  first  inch,  in  length,  pkactically  that  of  the  face-plate, 
and  the  comparative  inefficiency  of  the  remaining  5  ft.,  it  became  necessary  to  examine 
the  cause  of  this  extraordinary  result,  to  find  out  how  it  happened  that  a  stream  of  heated 
products  at  a  temperature  above  600°  passing  continuously  for  three  hours  through  the  tube,  was 
incapable  of  transmitting  more  heat  to  the  last  12  in.  of  its  length  than  could  keep  the  tempe- 
rature of  the  water  at  180°.  In  the  fact  that  it  was  so,  we  at  once  see  the  inutility  of  increasing 
the  length  of  the  tube.  Let  us  first  examine  the  area  of  heating-surface  in  a  few  vessels  of  the 
largest  class.  The  published  authoritative  account  of  the  American  iron-clad  floating  battery,  by 
Mr.  Stevens,  gives  the  following  details: — 

sq.  ft. 

Tube-surface     23,380 

Furnaces 2,050 

Connexions       1,890 

Tube-sheets      680 

Total 28,000 

Here  the  gross  area  of  tube-surface  Ì3  estimated  in  the  same  category  with  that  of  the  furnace- 
surface.  Now,  in  taking  the  true  value  of  tube-surface  as  stated  by  Dewrance,  or  Hick,  these 
nominal  23,800  sq.  ft.  would  be  at  once  reduced  to  2380  :  and  this  most  probably  is  not  far  from 
the  truth.  Again,  take  the  tube-surface  of  the  late  Brunei's  boilers  in  the  'Great  Eastern' 
(which  are  constructed  on  the  same  principle  as  the  original  boilers  of  H.M.S.  '  Terrible  ')  for  each 
set  of  twenty-four  furnaces  (there  being  112  in  all)  at  6000,  and  of  furnace-plate  at  3000  sq.  ft. — 
say  28,000  ft.  of  tube-surface  in  all — and  then  see  what  a  serious,  though  unsuspected  reduction 
should  be  made  in  reducing  those  28,000  ft.  nominal,  to  effective  heat-transmitting  surface. 
Under  such  circumstances  we  cannot  doubt  the  imperious  necessity  of  the  furnace-forcing  system. 
Again,  let  us  examine  the  tube  and  furnace  surface  of  one  of  the  Holyhead  steam-packets  of  750 
nominal  horse-power  : — 

Tube-surface  in  eight  boilers,  with  40  furnaces,  in  square  feet  ..      ..     15,600 

Furnace  ditto        1,960 

Back,  side,  and  top  of  uptake 1,108 

Tube-plates  between  the  tubes 316 

Total 18,984 
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We  here  see  again  how  much  larger  in  proportion  is  this  nominal  ¿w&e-surface  than  that  of  the 
furnace,  and  how  much  more  serious  is  any  default  in  its  efficiency,  there  being  in  this  case  20f 
superficial  feet  of  tube-surface  per  nominal  horse-power.  In  these  boilers  the  tubes  are  6  ft.  2  in. 
long,  and  but  2|  in.  diameter. 

Again,  we  have  the  iron-clad  steam- vessel,  the  '  Warrior,'  the  type  of  whose  boilers,  according 
to  the  published  accounts,  is  identical  with  that  of  the  Holyhead  steam-packets,  but  with  both 
tubes  and  grate-bars  6  in.  longer.  In  this  vessel  there  are  no  less  than  4400  brass  tubes  of  6  ft. 
6  in.  long  by  2f  in.  inside  diameter.  In  the  new  war-vessel,  the  '  Octavia,'  we  have  the  same 
identical  type  of  boiler,  and  excess  of  tube-surface. 

In  opposition  to  all  this,  Williams  stated  that  in  one  of  the  most  efficient  boilers,  as  regards  the 
sufficiency  of  steam,  in  the  fleet  of  the  City  of  Dublin  Company,  the  tubes  are  but  3  ft.  long,  and 
the  relative  proportion  of  tube-surface  to  flue-surface  is  but  as  2^  to  6^  the  nominal  horse- 
power. The  contrast  is  most  remarkable.  The  merit  of  that  boiler  doubtless  arises  from  the 
circumstance,  that  the  shortness  of  the  tubes  leaves  a  large  chamber  for  the  combustion  of  the 
gases  to  complete  itself  in  before  the  products  approach  the  tubes. 

Now,  how  are  we  to  account  for  the  fact  that  the  several  designers  of  the  boilers  before  spoken 
of  have  adopted  almost  identically  the  same  description  of  boiler,  with  the  same  objectionable 
features  ?  At  first  sight,  it  would  appear  that  all  had  been  convinced  of  its  practical  superiority. 
This  would  be  a  reasonable  inference  had  it  been  the  result  of  well-established  experience.  No 
experiments,  however,  having  been  made  for  testing  the  heat-transmitting  power  of  tube-surface, 
apart  from  other  considerations,  we  have  no  alternative  but  that  of  attributing  this  singular 
coincidence  to  the  desire  of  avoiding  that  responsibility  which  would  attach  to  any  great  deviation 
from  existing  practice.  Here,  however,  we  have,  in  all,  the  same  objectionable  length  of  furnace- 
grates — the  same  absence  of  all  means  of  admitting  air  to  the  generated  gases — the  same  want  of 
space  between  the  fuel  and  the  tube-face  plates — and  the  same  absence  of  a  combustion-chamber, 
although  all  improved  locomotive  engineers  are  studious  in  providing  such  means  of  promoting 
the  use  of  coal  on  the  railroads. 

The  great  error  into  which  we  have  fallen,  in  the  absence  of  experiment,  is  an  over-estimation 
of  the  heat-transmitting  property  of  the  tube-surface.  In  our  calculation  of  the  steam-generative 
power  of  the  boiler,  we  assume  it  to  be  always  proportional  to  the  number  of  square  feet  of  the 
surface  exposed.  Now,  this  calculation  is  made  without  reference  either  to  the  rapidity  with 
which  the  current  of  heated  products  passes  through  the  tubes — to  the  diminishing  rate  at  which 
the  tubes  transmit  heat  in  proportion  to  their  length — or,  worst  of  all,  to  the  direction  in  which 
these  products  strike  or  impinge  upon  the  tube-surface.  If  it  were  true  that  each  square  foot  of 
metallic  surface  really  possessed  a  given  or  known  amount  of  heat  absorbing  and  transmitting 
power,  whatever  that  might  be,  an  increased  number  of  square  feet  would  necessarily  represent  a 
commensurate  increase  of  the  steam-generative  power.  The  real  value  of  the  so-called  heating- 
surface,  however,  depends  on  so  many  contingencies,  that  calculations  based  on  the  mere  gross 
area  of  surface  exposed  must  be  utterly  valueless.  We  have  here,  then,  the  important  question 
raised, — What  value  are  we  to  attribute  to  such  surfaces?  The  single  fact  of  the  very  high 
temperature  of  the  escaping  products  in  the  chimneys  of  marine  boilers,  is  alone  conclusive  of  the 
deficient  heat-transmitting  faculty  of  the  surface  of  the  tubes.  Our  purpose,  then,  should  be,  not 
to  increase  the  number  or  length  of  the  tubes,  or  the  sum  of  their  surface-areas  ;  but  to  render 
these  surfaces  more  effective  as  heat-transmitters.  In  manifest  neglect  of  this  purpose,  we  find  in 
the  boilers  of  the  most  recent  construction,  and  even  in  war-vessels,  the  greatest  possible  number 
of  tubes,  and  of  the  greatest  length,  crowded  together  without  regard  even  to  the  water-spaces 
between  them,  which  are  often  restricted  to  but  half-an-inch.  The  result  is,  that  in  the  absence 
of  sufficient  water-spaces,  particularly  at  the  end  where  the  heat  first  strikes  the  face-plate,  the 
tube-ends  are  exposed  to  the  greatest  heat,  and  they  soon  begin  to  weep  ;  the  face-plate  itself 
begins  to  crack,  and  the  space  where  the  water  should  have  the  freest  circulation  becomes  choked 
up  with  the  solid  matter  of  incrustation.  Samples  of  this  matter  here  exhibited  afford  sufficient 
proof  of  the  fact. 

Wye  Williams  remarks  that,  in  a  recent  publication,  we  are  told  that  "  marine  boilers  require 
5  sq.  ft.  of  heating-surface,  and  one-fifth  of  a  square  foot  of  fire-grate  surface  for  every  indicated 
horse-power."  Here  is  a  calculation  supposed  to  be  based  upon  some  reliable  data  ;  we  shall  see, 
however,  that  all  such  calculations  are  but  as  the  "  baseless  fabric  of  a  vision."  It  may  be  asked, 
indeed,  if  the  writer  had  ever  inquired  what  the  value  of  a  square  foot  of  heating-surface,  or  of 
fire-grate  surface,  really  was  ?  Yet,  from  the  affected  precision  of  the  author  in  other  respects, 
we  might  be  led  to  suppose  that  both  had  been  reduced  to  some  standard,  or  in  fact  were  constants. 
Nothing,  however,  can  practically  be  more  vague  and  misleading.  The  value  of  a  square  foot  of 
fire-grate  surface,  for  instance,  will  depend:  first,  on  the  nature  of  the  coal  as  bituminous  or 
otherwise  ;  second,  on  the  quantity  of  gas  it  produces  ;  and  third,  on  the  amount  of  draught 
passing  through  the  furnace  from  the  ash-pit.  On  the  other  hand,  the  value  of  a  square  foot 
of  Aeaim^-surface  will  depend  mainly  on  the  direction  in  which  the  current  of  heated  products 
obtains  contact  with  the  metallic  surface.  This  last,  though  the  main  element  of  success,  yet, 
strange  to  say,  is  the  very  one  which  is  not  only  overlooked,  but  absolutely  ignored  in  all  modern 
practice. 

Of  the  practical  errors  committed  in  the  mode  of  estimating  the  steam-generative  value  of 
the  tube-surfaces,  we  have  an  instance  in  a  recent  publication  professing  to  give  the  results  of  the 
most  improved  systems,  where  it  is  stated,  as  a  leading  principle,  that  direct  impact  with  the  heat- 
absorbing  surfaces  should  be  avoided.  That  this  is  a  prevailing  error  is  confirmed  by  Kobert 
Murray,  who,  in  one  of  his  publications,  has  laid  it  down  as  a  principle,  that  "elbovis  are  to  be 
avoided  "  ;  in  other  words,  that  the  current  of  heated  matter  passing  through  flues  or  tubes  should 
not  be  broken,  bent,  or  interrupted,  or  the  straight  line  of  their  course  disturbed.  Now,  said 
Williams,  in  the  paper  from  which  this  extract  is  taken,  I  am  prepared  to  prove,  on  the  contrary, 
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that  the  direct  reverse  of  this  instruction  is  essential  to  success  ;  and  upon  this  I  insist.  If  the 
author  had  said,  that  the  direct  impact  of  flame  should  be  avoided,  with  the  view  of  preventing 
the  formation  of  smoke  and  soot,  he  would  have  stated  a  correct  chemical  fact.  Direct  impact 
of  the  heated  products,  after  the  combustion  of  the  carbon  of  the  flame,  is,  however,  precisely 
what  should  be  promoted.  Practically,  it  will  be  shown  that  the  absence  of  direct  impact  is  the 
main  source  of  inefficiency  of  modern  tubular  boilers,  and  the  cause  of  that  great  escape  of  heat 
by  which  the  uptake  and  chimneys  of  marine  boilers  are  so  over-heated  and  destroyed.  And  in 
this  respect,  I  hesitate  not  to  say  that  the  multitubular  system  is  largely  and  radically  deficient 
in  the  heat-transmitting  faculty.  The  main  point,  then,  for  consideration  is,  how  to  make  any 
given  surface  more  effective  as  a  heat-transmitter,  and  what  are  the  conditions  on  which  the 
transmission  of  heat  depends.  This,  cœteris  paribus,  as  regards  the  rate  of  current  of  the  heated 
products,  will  depend  on  the  direction  in  which  those  products  are  brought  into  contact  with  the 
plate  or  tube-surface — whether  by  a  direct,  diagonal,  or  parallel  action.  On  this  point  it  may  be 
stated,  as  the  result  of  actual  observation  and  experiment,  that  a  square  foot  of  surface  on  which 
the  heated  current  strikes  with  a  direct  impact  (that  is,  at  right  angles  to  the  surface)  will  be 
equal  to  4  ft.  where  the  direction  is  diagonal,  and  to  double  that  where  the  current  runs  parallel, 
or  in  the  same  plane  as  the  metallic  surface.  In  estimating  the  action  of  a  heated  current 
passing  through  tubes,  we  ordinarily  overlook  the  fact  that  gaseous  matter  (that  is,  the  products 
after  combustion),  whatever  may  be  its  temperature,  radiates  but  little,  if  any,  heat.  Eadiation 
can  alone  proceed  from  solid  matter.  It  is  this  which  enables  visible  flame  to  radiate  so  power- 
fully ;  visible  flame  being  merely  an  aggregate  of  myriads  of  solid  carbon  atoms,  still  unconsumed, 
and  at  a  white  heat,  or,  as  estimated  by  Davy,  at  3000°.  Now,  the  products  of  flame,  after 
combustion,  and  when  passing  through  the  tubes,  are  transparent,  and  transmit  little  or  no  heat 
"by  radiation.  It  is  by  their  contact  alone  with  the  metallic  surface  that  heat  is  communicated 
and  transmitted. 

Again  :  that  but  little  heat  is  transmitted  when  smoke  is  formed  in  a  flue  or  tube,  Williams 
goes  on  to  say,  I  have  repeatedly  proved,  by  the  introduction,  through  the  smoke-box,  and  into  the 
tubes,  of  an  iron  rod,  to  the  end  of  which  were  attached  pieces  of  paper  and  shavings.  After 
remaining  some  time,  they  have  been  withdrawn,  yet,  although  their  outs  ides  have  been  covered 
with  black  soot,  their  insides  have  not  even  been  discoloured  by  heat.  When,  therefore,  we  see  a 
volume  of  smoke  issuing  from  the  chimney,  we  may  be  assured  that  the  tubes  are  full  of  it,  and 
that  the  temperature  within  them  is  not  much  greater  than  the  hand  could  bear. 

Let  us  now  suppose  a  column  of  heated  products  entering  and  passing  through  a  tube,  as  a 
cylindrical  shot  does  through  a  cannon.  Contact  is  then  alone  obtained  between  the  outside  sec- 
tion of  such  column  and  the  metallic  surface.  This  section  having  given  out  as  much  heat  as 
possible  in  the  fraction  of  a  second  (the  time  which  its  transit  occupies),  the  interior  portion  of 
such  column  passes  onwards  undisturbed,  carrying  its  initial  temperature  to  the  exit.  In  no 
other  way  can  we  account  for  a  column  of  products  above  600°  of  temperature,  passing  continuously, 
and  for  hours,  through  and  along  the  interior  surface  of  a  tube,  and  yet  giving  out  no  more  heat 
than  can  keep  the  water  at  180°. 

Let  Fig.  880  represent  a  longitudinal  section,  Fig.  881  a  cross-section  at  the  entrance,  and 
Fig.  882  a  similar  section  at  the  exit  of  a  tube.  The  several  lines  are  here  supposed  to  represent 
the  sections  or  strata  of  the  heated  products  passing  through  it,  entering  at  a  temperature  of  700°, 
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and  issuing  at  540°.  In  this  case,  the  outer  section,  being  next,  and  in  contact  with,  the  iron-tube 
surface,  will  give  out  heat,  and  be  reduced,  say  to  300°,  on  arriving  at  the  end  of  the  tube.  But 
what  is  to  cause  any  interchange  of  position  between  it  and  the  other  strata  ? 

To  sum  up  the  objectionable  features  of  the  tubular  system — as  exhibited,  for  example,  in  the 
accompanying  diagram,  Fig.  883,  which  represents  a  boiler  of  the  modern  type,  as  fitted  in  a  large 
packet  belonging  to  the  City  of  Dublin  Steam-Packet  Company — they  consist:  1st.  In  an  extreme 
length  of  fire-bar  surface,  often  amounting  to  above  7  ft.,  a  length  which  absolutely  precludes  the 
possibility  of  a  stoker  keeping  the  back-end  sufficiently  covered  by  fuel.  2nd.  In  long  shallow 
furnace-chambers,  in  which  the  solid  fuel  on  the  bars  necessarily  occupies  the  entire  space,  reach- 
ing to  the  very  crown-plates,  as  shown  in  the  diagram — an  arrangement  by  which  neither  time  nor 
space  is  allowed  for  that  gradual  mixing  and  diffusion  of  the  air  with  the  gas  generated  from  the 
mass  of  fuel,  which  are  the  sine  qua  non  of  perfect  combustion:  in  tin's  respect  we  have  the  ordinary 
practice  directly  opposed  to  the  sound  conditions  stated  by  Mr.  Murray,  when  he  describes  the 
value  and  necessity  of  "  large  and  high  furnaces."  3rd.  In  the  absence  of  due  provision  for  the 
admission  of  the  air  either  in  suitable  quantity,  proportioned  to  the  large  evolution  of  gas,  or  in  a 
manner  adapted  to  its  admixture  and  diffusion  with  the  gas.  4  th.  In  long  and  shallow  ash-pits,  by 
which  the  air,  instead  of  gradually  ascending  through  the  bars  from  front  to  rear,  is  forced  into  a 
rapid  current  towards  the  farther  end,  where  it  is  forced  upwards  with  increased  velocity,  through 
tlic  fuel  on  the  farther  ends  of  the  bars,  with  the  force  of  nn  artificial  blast,  causing  a  rapid  com- 
bustion in  that  quarter,  and  thus  leaving  the  bars  uncovered,  and  the  air  free  to  pass  upwards  in 
a  mass.  5th.  In  the  absence  of  provision  for  the  admission  of  a  supplementary  quantity  of  air 
behind  the  bridge.  It  is  evident  that  where  the  furnace  ¡s  long  and  shallow,  as  in  Fig.  883,  the 
fuel  considerable,  and  the  gas  evolved  necessarily  great  in  quantity,  any  air  that  could  possibly  be 
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introduced  at  the  door- end  must  be  wholly  insufficient  for  the  combustion  of  that  gas.  In  such  cases, 
the  required  quantity  of  air  must  be  supplemented  from  the  ash-pit  and  behind  the  bridge.  The 
engraving,  Fig.  884,  shows  the  mode  in  which  this  was  effected,  and  the  air  introduced  through  a 
series  of  §-in.  holes  in  one  of  the  City  of  Dublin  steam-packets,  and  with  decided  success.     The 


cost  of  the  apparatus  was  too  insignificant  to  merit  attention.  6th.  In  the  want  of  sufficient  space 
between  the  bridge  and  tubes,  as  a  chamber  in  which  the  necessary  admixture  of  the  air  and  the 
gas  may  be  effected  for  combustion.  Experience  proves  that,  whatever  may  be  the  construction  of 
the  furnace  or  the  boiler,  a  distance  of  from  6  to  8  ft.  is  absolutely  necessary  for  that  purpose.  In 
this  respect,  boilers  on  the  plan  of  the  '  Great  Eastern's  '  are  peculiarly  objectionable,  no  space 
whatever  being  allowed  for  the  combustion  of  the  large  volume  of  gas  generated  from  each  of  two 
long  furnaces,  which  meet  at  the  middle,  and  practically  form  one  furnace  of  18  ft.  in  length.  The 
result  is  that  much  of  the  gas  passes  unignited  and  unconsumed  through  the  tubes,  to  be  ignited 
at  the  wrong  end,  and  in  the  smoke-box,  where  it  meets  with  a  supply  of  air  coming  from  those 
other  furnaces  in  which  the  fuel  at  the  time  happens  to  be  in  a  clear  state,  and  their  bars  to  a  great 
extent  uncovered.  7th.  In  an  unnecessary  and  injurious  length  of  tube,  which  is  but  slightly 
instrumental  in  producing  steam,  as  will  hereafter  be  shown,  while  it  occupies  a  large  space,  much 
of  which  might  have  been  appropriated  as  a  chamber  for  the  combustion  of  the  gas,  as  is  done  in 
the  most  approved  locomotives.  8th.  In  the  absence  of  sufficient  space  for  the  presence  and  circu- 
lation of  the  water  between  the  tubes,  and  especially  at  the  end  nearest  the  face-plate,  against 
which  the  flame  strikes  with  peculiar  energy.  In  this  respect,  the  marine  tubular  boiler  labours 
under  a  serious  disadvantage  from  which  the  locomotive  is  exempt.  In  the  latter,  the  space  occu- 
pied by  the  tubes  and  the  furnace  compartment  is  separate,  the  steam  generated  from  each  having 
its  own  proper  place  for  its  ascent.  In  the  marine  boiler,  however,  the  tube  series  being  placed 
directly  over  the  furnaces,  the  great  mass  of  steam  generated  directly  from  the  latter  has  to  work 
its  way  in  its  ascent  through  spaces  which  are  not  above  |  or  f  of  an  inch  between  the  tubes. 
The  result  is  that  the  tubes  are  surrounded  by  the  mass  of  steam  rising  from  the  furnaces,  and 
which  practically  drives  the  water  before  it,  leaving  the  tubes  without  any.  In  this  respect,  the 
system  is  again  directly  the  reverse  of  that  very  properly  insisted  on  by  Eobert  Murray,  when  he 
says,  "  that  the  steam  should  have  a  ready  escape  from  every  part  of  the  heated  surface."  In 
the  marine  boiler  we  see  that,  instead  of  a  ready  escape,  it  has  the  greatest  mechanical  obstruc- 
tions to  contend  with. 

I  must  be  allowed  here  to  remark'  that  the  evils  which  I  have  pointed  out  are  not  peculiar  to 
the  boilers  of  any  particular  vessel,  or  set  of  vessels,  but  are  to  be  found,  on  the  contrary,  in  many 
of  the  finest  and  best  ships  in  existence,  including  the  'Warrior'  and  'Octavia'  men-of-war,  the 
fast  Holyhead  packets,  and  many  other  first-class  vessels.  It  is  not,  then,  to  be  wondered  at  that 
the  coals  most  in  favour  are  not  those  which  would  give  the  greatest  calorific  effect,  if  duly  con- 
sumed, but  such  as  would  avoid  the  issue  of  dense  smoke,  and  thus  give  the  appearance  of 
economy.  It  will  be  presently  shown  that  the  absence  of  smoke,  in  some  descriptions  of  Welsh 
toal,  is  no  proof  of  greater  heating  powers,  or  of  a  more  economic  fuel. 

Looking,  then,  at  the  comparative  inefficiency  of  the  tubes,  as  steam  generators,  with  the 
exception  of  the  first  12  or  18  in.  (which  includes  the  action  of  the  face-plates),  and  looking  also 
to  their  peculiar  position,  we  see  them  in  the  very  place  which,  mechanically  and  chemically,  is 
most  appropriate  for  the  combining  action  of  the  gas  and  the  air — in  a  word,  for  a  combustion- 
chamber.  There  appears,  then,  no  alternative  but  that  of  dispensing  with  the  use  altogether  of 
long  straight  tubes  or  flues.  In  truth,  we  cannot  separate  the  existence  of  straight  tubes  from 
the  vice  of  having  the  current  of  heated  products  passing  in  the  same  plane  and  direction  as  the 
surface  through  which  the  heat  is  to  be  transmitted.  In  this  abandonment  of  the  straight-tube 
system,  it  must  be  confessed  that  there  are  commercial  difficulties  which,  it  may  be  feared,  will 
materially  retard  this  useful  change.  On  discussing  the  subject  with  a  well-known  engineer,  and 
showing  him,  practically,  the  inutility  of  the  tube-surface,  particularly  where  long  tubes  are  used, 
Williams  continued  to  say,  I  was  struck  with  the  difficulty  of  obtaining  his  assent,  while  all 
other  witnesses  expressed  their  entire  conviction  in  what  they  saw  produced  in  the  experimental 
boiler.  On  his  departure,  however,  the  mystery  was  solved,  and  my  surprise  at  an  end,  when  I 
was  informed  tha{;  he  was  largely  connected  in  Birmingham,  and  even  with  a  patent  for  an 
improved  mode  of  welding  them.  It  was  thus  manifest  that  personal  interest  was  directly 
opposed  to  change,  conviction,  or  improvement.  I  may  here  add  that  I  understand  several  engine 
and  boiler  makers  are  in  the  same  position,  and  have  largely  invested  capital  in  the  manufacture 
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of  tubes.  This,  while  it  accounts  for  the  difficulty  in  the  way  of  improving  our  boiler  system, 
increases  the  fear  of  its  requiring  a  lengthened  period  before  the  necessary  change  and  improve- 
ment shall  be  realized. 

Under  these  circumstances,  I  may  perhaps  be  permitted  to  suggest  that  the  Admiralty,  who 
can  have  no  personal  interest  in  the  manufacture  of  tubes,  have  it  in  their  power  to  do  the  public 
a  most  essential  service  by  instituting  inquiries  into  those  practical  defects  of  the  tubular  system 
to  which  I  have  drawn  attention,  and  by  lending  their  high  influence  to  remedial  changes.  It 
would  be  a  great  stimulation  to  the  progress  of  marine  engineering  if  they  would  do  this,  and  would, 
at  the  same  time,  institute  more  complete  and  satisfactory  tests  of  their  steam-ships.  Either  in 
place  of,  or  in  addition  to,  the  ordeal  of  the  measured  mile,  let  them  institute  lengthened  runs  at 
sea,  as  is  done  with  Clyde-built  vessels,  where  the  trial-trips  generally  involve  a  run  from  Greenock 
to  Liverpool.  In  these  trials  let  the  Admiralty  require  official  returns  involving  the  following  par- 
ticulars : — 1st.  The  speed  an  hour  ;  2nd.  The  actual  weight  of  coals  used  an  hour  ;  3rd.  The  degree 
to  which  smoke  is  produced  or  avoided  ;  4th.  The  temperature  of  the  stoke-hole  ;  5th.  The  tempera- 
ture of  the  escaping  products  in  the  uptake,  ascertained  by  the  pyrometer  ;  6th.  The  weight  of 
clinker  and  its'  peculiarities  ;  and  7th.  The  weight  of  incombustible  ash.  The  inspecting  officer 
should  also  be  required  to  report  upon  the  extent  to  which  forcing  of  the  fires  may  have  been 
resorted  to. 

It  will  be  observed  that  these  returns  involve  the  qualities  of  the  fuel  employed,  and  of  its 
fitness  for  use  in  the  furnaces  of  the  particular  ship  tested,  as  all  such  returns  undoubtedly  ought 
to  include  these  particulars.  In  order  to  show  that  there  is  no  great  difficulty  in  obtaining  such 
particulars,  I  may  mention  that  they  are  all  attended  to  in  the  tests  of  coal,  made  by  their 
respective  owners,  m  the  test-boiler  of  the  City  of  Dublin  Steam-Packet  Company  at  Liverpool, 
and  are  all  so  easily  and  accurately  determined  that  the  tests  in  question  at  once  stamp  the  true 
character  of  each  description  of  coal.  In  illustration  of  these  results,  I  here  give  a  return  of 
ten  kinds  of  coal,  with  their  several  calorific  values  taken  from  the  results  of  some  of  the  tests 
just  mentioned. 

Tests  of  Coals  as  made  in  the  Boilee  of  the  City  of  Dublin  Steam-Packet  Company. 
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"  The  above  test-trials  were  made  at  the  request  of  the  owners  of  the  respective  collieries,  for 
the  purpose  of  ascertaining  the  calorific  value  and  peculiarities  incident  to  each  coal,  as  regards 
clinker,  ash,  &c.  The  names  of  the  collieries  or  owners  are  purposely  omitted,  as  the  returns  of 
any  one  kind  of  coal  are  never  communicated  to  those  of  any  other  kind." — William  Balfour 
M'Allister,  Foreman  Boiler  Maker  to  the  Company. 

These  only  embraced  the  returns  of  the  last  nine  months,  and  the  tests  were  all  made  at  the 
request  of  their  respective  owners,  on  opening  new  beds  in  their  collieries.  Wye  Williams  adds, 
I  suppress  the  names  of  the  different  coals  to  avoid  giving  unnecessary  offence  to  any  of  the 
proprietors.  It  will  be  observed  that  as  there  was  no  smoke  from  any  kind  of  coal,  and  perfect 
combustion  effected,  the  full  calorific  effect  was  obtained  in  every  instance.  This  was  also  con- 
firmed by  the  appearance  of  the  furnace,  as  every  part  of  the  interior  was  made  visible  by  means 
of  properly-placed  sight-holes,  as  was  the  case  in  the  Newcastle  experiments.  These  returns  show 
the  error  of  estimating  the  so-called  evaporative  power  of  the  coal  by  reference  to  the  water 
evaporated  by  each  pound  weight  of  the  coal.  We  even  find  that  the  description  which  gives  the 
largest  return  in  that  respect,  may,  in  fact,  be  the  worst  adapted  for  steam-generative  purposes, 
inasmuch  as  the  time  occupied  is  so  much  greater.  This  element  of  time  is  of  the  highest 
importance,  as  regards  the  providing  an  adequate  supply  of  steam  for  the  cylinders.  Take,  for 
instance,  No.  4.  There  the  amount  of  water  evaporated  to  a  lb.  of  coal  was  10*20  lbs.,  yet  there 
were  but  1707  lbs.  evaporated  an  hour — during  the  time  required  for  the  evaporation  of  the  tank 
full,  of  8000  lbs. — say,  in  all,  four  hours  forty-one  minutes.  Whereas,  in  the  case  of  No.  7,  though 
there  were  but  8*92  lbs.  evaporated  to  a  lb.  of  coal,  there  were  no  less  than  2232  lbs.  evaporated 
an  hour,  the  8000  lbs.  being  evaporated  in  three  hours  thirty-five  minutes.  A  further  illus- 
tration of  the  importance  of  attending  to  the  mode  in  which  the  several  kinds  of  coal  enter 
into  combustion,  as  Percy  has  well  observed,  is  shown  in  the  following  returns,  where  five  kinds 
of  coal  were  tested,  and  the  temperatures  in  the  flues  and  of  the  escaping  products  were  both 
noted  ; — 
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Heat  developed  per  Charge  of  56  lbs.  Coal,  shown  by  the  Pyrometer  in  the  Flues 
Indications. — Time,  20  Minutes. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 
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895  max. 
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20)1662-5 
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831° 

799° 
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935° 
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Waste  Heat  in  C 

liimney. 

;  450° 

450° 

484° 

397° 

574° 

In  Nos.  1,  2,  and  4,  of  the  annexed  Table  the  largest  development  of  gas,  and  consequently  the 
highest  temperature  (assuming  that  perfect  combustion  was  realized),  was  at  the  end  of  each 
charge  of  twenty  minutes  (the  temperatures  were  taken  at  intervals  of  a  minute),  whereas,  in 
Nos.  3  and  5  the  maximum  temperatures  were  attained  at  the  end  of  sixteen  minutes  and  eight 
minutes  respectively.  This  latter  is  the  coal  preferred  by  the  Dublin  Steam  Company.  Williams 
adds,  I  am  sure  it  will  be  acknowledged  that  these  tables  contain  much  valuable  information 
which  is  omitted  from  the  official  returns  required  by  the  Admiralty  when  steam  coals  are  tested 
for  them.  In  those  returns  no  account  is  taken  of  the  gross  time  employed  in  the  evaporation  of 
any  gross  weight  of  water  ;  neither  are  we  told  what  temperature  was  obtained  for  evaporative 
purposes  ;  nor  what  escaped  in  the  state  of  waste  heat  ;  nor  how  far  combustion  was  perfect,  as 
indicated  by  the  presence  or  absence  of  smoke  in  the  chimney.  We  see  in  them  no  indication  of 
the  use  of  that  valuable  and  all-important  instrument  the  pyrometer,  without  which  it  is  impossible 
to  form  any  correct  estimate  of  the  calorific  or  commercial  value  of  any  kind  of  coal. 

Feeling  so  deeply  the  inefficiency  of  the  tubular  system  as  now  generally  adopted,  I  have 
endeavoured  to  substitute  for  it  some  more  effective  one,  bearing  in  mind,  of  course,  the  necessity 
(to  which  I  have  before  referred)  of  ensuring  the  direct  action  of  the  hot  products  of  combustion 
upon  the  heating-surface.  My  endeavours  in  this  respect  have  not  been  successful.  I  have 
arranged  a  form  of  tube,  or  rather  flue,  which  presents  a  series  of  surfaces  against  which  these 
hot  products  will  strike  at  right  angles,  or  nearly  so,  and  consequently  transmit  a  larger  quantity 
of  heat  to  the  water  in  the  boiler.  As  this,  however,  would  be  of  comparatively  small  effect, 
unless  accompanied  by  other  material  changes  in  the  details  and  construction  of  the  boiler,  and 
the  removal  of  the  several  evils  already  enumerated,  I  propose  here  detailing  those  alterations  and 
principles,  with  their  influence,  chemically  and  practically,  which  go  to  the  formation  of  a  perfect 
boiler  and  its  furnaces,  namely  : — 

lstly.  That  in  the  construction  of  a  boiler,  the  proportions  of  its  several  parts,  in  particular, 
its  length,  from  the  door  to  the  back-end,  should  be  determined  by  considerations  based  on  giving 
effect  to  those  processes  and  principles  on  which  the  combustion,  chemically  considered,  of  the 
constituents  of  fuel — solid  and  gaseous — depends.  Without  regard  to  this  common  sense  view  of 
the  subject,  the  length  of  boilers  is  usually  determined  by  the  mere  area  or  space  allowed  by  the 
actual  width  of  the  vessel.  This  injudicious  proceeding  appears  to  have  been  adopted  for 
the  sole  purpose  of  introducing  the  greatest  number  of  boilers  into  the  smallest  possible  space — 
the  steam-generative  property  of  a  boiler  being  assumed  to  depend  on  the  length  and  area  of  the 
fire-grate  surface,  and  wholly  irrrespective  of  the  chemical  process  of  combustion  to  be  carried  on. 
This  at  once  leads  us  to  the  inference  that  the  distance  between  the  fuel  at  the  bridge  and  the 
tubes  should  never  be  less  than  from  6  to  8  ft.  lineal — experience  having  shown  that  it  is 
impossible  to  effect  the  perfect  combustion  of  the  gaseous  constituents  of  the  coal  in  a  shorter  spare. 

2ndly.  That  where   the  furnace-bars  are  above  4  ft.  in  length,  from  the  dead-plate  to  the 
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bridge,  and  where  the  chamber  is  less  in  height  than  2  ft.  from  the  dead-plate  to  the  crown  of 
the  furnace,  there  should  always  be  provided  the  means  of  introducing  a  supplemental  supply 
of  air  to  the  gases  passing  over  the  bridge.  The  mode  adopted  (see  Fig.  884)  in  the  Holyhead 
steam-packet,  by  a  cast-iron  plate  with  a  sufficiency  of  half-inch  orifices,  has  been  found  as  suc- 
cessful as  could  be  expected,  looking  to  the  great  space  occupied  by  the  tubes,  and  the  consequent 
absence  of  an  adequate  combustion-chamber. 

3rdly.  That  tubes  should  never  exceed  3  ft.  in  length,  experience  having  supplied  unquestion- 
able proof  of  the  comparative  inutility,  as  heat-generating  surface,  of  any  greater  length,  while  it 
seriously  curtails  the  space  that  might  otherwise  be  occupied  as  a  combustion-chamber. 

4thly.  That  the  steam  generated  by  the  heat  from  the  side  and  crown  plates  of  the  furnace 
should  not  be  allowed  to  ascend  through  the  tubes,  or  interfere  with  the  steam  generated  from 
the  latter,  as  already  mentioned  ;  but  that  it  be  directed  to  pass  upwards  through  the  spaces 
between  the  several  separate  stacks  of  tubes. 

5thly.  That  the  waste  heated  products  from  the  several  furnaces  should  not  be  directed  into 
one  common  receptacle  or  smoke-box,  as  is  done  in  the  '  Great  Eastern  '  and  '  Warrior  '  ;  but  that 
the  furnaces,  being  set  in  pairs,  their  products  should  be  kept  in  pairs,  until,  passing  through  the 
uptake,  they  arrive  at  the  base  of  the  chimney.  The  reasons  and  proofs  which  influence  this 
arrangement  are  numerous,  but  cannot  be  here  detailed  for  want  of  space. 

Gthly.  Boilers  should  be  so  placed  that  the  furnace-doors  should  face  the  fore  part  of  the  ship, 
by  which  the  material  draught  caused  by  its  velocity  would  come  in  aid  of  the  direction  of  the 
air  into  the  ash-pits,  and  through  the  apertures  in  the  furnace-door  boxes. 

In  reference  to  Priming,  Murray  observes:— "When  the  ebullition  inside  a  boiler  is  so  rapid 
•  and  violent  that  water  rises  with  the  steam,  and  is  carried  over  with  it  to  the  engines,  the  boiler 
is  then  said  to  prime.  Besides  the  dangei  to  the  machinery  which  always  attends  this  propensity, 
it  entails  a  serious  loss  of  heat,  carried  off  by  the  water  which  boils  over  or  is  forced  up  the  waste- 
steam  pipes."  If  this  be  a  correct  description  of  the  process  of  priming,  the  tubular  system  has 
much  to  answer  for  the  evil,  as  being  peculiarly  subject  to  this  "propensity."  In  consequence  of 
the  violent  transmission  of  heat,  caused  by  the  large  surface  of  the  face-plate  exposed  to  the 
direct  action  of  the  flame,  as  already  described,  there  is  the  greatest  tendency  to  that  local  and 
violent  ebullition  by  which  the  liquid  matter  is  forced  upwards,  and  which  is  no  doubt  the  main 
source  of  priming.  It  may  here  be  observed,  however,  that  the  idea  of  a  "  serious  loss  of  heat 
carried  off  by  the  water  "  is  erroneous,  and  arises  from  the  supposition  of  the  water  being  heated, 
and  having  absorbed  a  given  quantity  of  heat.  Now,  so  long  as  the  water  particles  retain  their 
liquid  form,  they  have  taken  up  no  heat,  and  can,  therefore,  carry  none  along  with  them. 
Williams  here  remarked,  "  I  am  sorry  to  have  to  refer  to  a  work  of  my  own,  but  I  have  taken  so 
much  pains  to  establish  this  doctrine  in  my  recent  work,  '  On  Heat  in  its  relation  to  Water  and 
Steam,  embracing  New  Views  of  Evaporisation,  Condensation,  and  Explosion,'  that  I  trust  I  shall 
be  excused  for  referring  to  it  here."  The  true  loss  and  injury  occasioned  by  the  water  being 
carried  over  in  the  process  of  priming,  arises — 1st.  From  the  liquid  particles  taking  up  heat  from 
the  inside  of  the  cylinder  into  which  it  is  carried,  and  by  which  a  cooling  effect  is  produced  ;  2nd, 
From  the  particles  carrying  a  large  portion  of  the  salt  and  other  impurities  with  which  the  water 
may  be  impregnated,  and  which  to  a  considerable  extent  produce  an  injurious  effect  upon  the 
valve-facings.  "  Priming,"  Mr.  Murray  adds,  "  may  arise  from  a  variety  of  causes  ;  but  the  usual 
one  is  a  too  contracted  steam-space  over  the  water  of  the  boiler.  For  where  the  reservoir  of  steam 
from  which  the  engines  are  supplied  is  very  small,  there  must  be  constant  pulsations  of  pressure 
in  the  boiler  ;  and  each  time  that  the  surface  of  the  boiling  water  is  relieved  of  a  certain  amount 
of  pressure  by  the  rapid  withdrawal  of  a  cylinderful  of  steam,  it  boils  up  with  great  violence." 
This  is  unquestionably  true.  It  must  not,  however,  be  forgotten  that  the  prevailing  practice  of 
using  higher  pressure,  and  cutting  it  off,  for  the  sake  of  expansion,  greatly  increases,  if  it  does  not 
produce,  this  very  serious  evil  of  a  constant  pulsation  of  pressure.  We  cannot,  therefore,  have  the 
benefit  of  the  expansion  principle  carried,  as  it  now  is,  to  so  great  an  extent,  without  the  con- 
current evil  of  having  the  liquid  matter  carried  even  into  the  cylinder  by  these  frequent  pulsations. 
This  is  peculiarly  the  case  where  the  cylinders  are  large  and  the  expansion  process  is  carried  out 
to  a  great  extent. 

I  must,  however,  says  Murray,  insist  on  the  fact,  that  the  violent  local  ebullition,  peculiar  to  the 
tubular  system,  produced  immediately  behind  the  face-plate,  as  already  explained,  is  the  main  source 
of  the  evil  of  priming.  This  is  well  exemplified  in  the  case  of  new  boilers,  and  on  their  first  trial. 
The  face-plate  being  then  clean,  both  inside  and  outside,  and  the  water-spaces  being  fully  charged, 
and  without  obstruction  to  the  water's  circulation,  the  transmission  of  heat  through  that  plate  is  at 
its  maximum;  and  the  generation  of  steam  greater  there  then  than  it  ever  can  be  afterwards. 
The  violent  ebullition  immediately  behind  the  face-plate  is  far  in  excess  of  what  can  be  conceived 
by  those  who  have  not  liad  the  means  of  personal  inspection.  None  but  an  eye-witness  could  have 
an  adequate  idea  of  this  local  action,  or  of  the  mass  of  water  thrown  up  immediately  behind  the 
face-plate,  with  the  spray  driven  off  in  large  quantities;  while  the  other  parts  of  the  water-surface 
are  comparatively  tranquil,  or  exhibiting  but  the  ordinary  effect  of  moderate  boiling.  It  was  this 
fact  which  first  drew  my  attention  to  the  action  of  the  face-plate.  I  observed  that  the  boilers  of 
the  '  Warrior,'  like  those  of  too  many  other  vessels,  were  reported  to  have  been  exposed  to  priming  on 
their  first  trial;  and  when  I  look  at  the  immense  extent  of  face-plates  in  which  the  4400  tubes  are 
inserted,  I  cease  to  wonder  at  the  violence  of  the  local  ebullition,  or  at  the  priming  which  resulted 
from  it.  As  the  continued  use  of  a  boiler  causes  a  considerable  diminution  of  water-space  in  the 
rear  of  the  face-plate,  by  the  incrustation  which  is  there  rapidly  produced,  on  account  of  the  great 
heat  to  which  it  is  exposed,  we  can  readily  explain  the  subsequent  diminution  of  priming  when 
the  boiler  has  been  some  time  in  use. 

Hitherto  we  have  had  no  sufficient  explanation,  chemically  or  otherwise,  of  the  cause  of 
priming,     When,  however,  we  examine  closely  the  act  of  ebullition,  we  shall  have  no  difficulty 
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in  comprehending  the  rationale  of  the  process  by  which  the  water  particles  are  thus  separated 
and  thrown  np,  and  carried  by  the  force  of  the  current  out  of  the  boiler.  Each  bubble  formed  in 
a  liquid  is  a  spherical  or  semi-spherical  mass  of  aeriform  matter.  In  the  case  of  boiling  water  it 
is  of  pure  steam  enclosed  in  a  spherical  envelope  of  liquid  particles,  formed  by  the  repellent  force 
and  divergent  action  of  the  several  steam  particles.  The  liquid  particles,  on  the  other  hand,  by 
reason  of  their  individual  attraction  and  cohesion,  sustain  that  continuity  which  forms  the  enve- 
lope. "When  each  globe  or  envelope  bursts,  the  liquid  particles  of  which  it  is  composed  are 
scattered,  and,  as  it  were,  exploded,  and  then  carried  forward  to  the  cylinders.  Looking,  then, 
to  the  violence  of  ebullition,  and  the  quantity  of  liquid  spray  thrown  up  immediately  behind  the 
face-plate,  and  in  no  other  place,  we  are  enabled  to  appreciate  the  source  and  nature  of  priming, 
and  the  part  which  the  tubular  system  and  its  face-plate  act  in  producing  this  result.  The 
pulsations,  then,  spoken  of  by  Murray,  are  not  by  any  means  the  main  cause  of  priming,  but  are 
merely  secondary  to  that  violent  and  local  ebullition  so  peculiar  to  the  action  of  the  face-plate. 
We  see  this  result  of  ebullition  in  the  common  operation  of  distilling  water  for  chemical  purposes. 
When  the  distillation  is  carried  on  rapidly,  and  the  water  is  made  to  boil  violently,  the  so-called 
distilled  water  is  found  impure  to  such  an  extent  as  to  require  a  repetition  of  the  process,  and  a 
double  or  treble  distillation.  To  obtain  pure  water  from  the  still,  the  heat  should  not  be  allowed 
to  exceed  200°,  when  ebullition  begins. 

On  the  subject  of  Superheating  there  seems  to  be  much  confusion.  The  term  "superheating 
the  steam  "  necessarily  implies  an  increase  in  its  temperature.  When,  however,  we  examine  the 
operation,  we  find  that,  practically,  we  merely  increase  the  quantity  of  available  steam.  Steam, 
as  an  elastic  fluid,  resembles  air  as  regards  the  difficulty  of  increasing  its  temperature  ;  so  that 
anything  to  be  gained  in  this  respect  from  the  action  of  the  heated  products  passing  to  the 
chimney,  as  waste  heat,  must  be  very  insignificant.  In  truth,  all  we  do  by  the  process  is  to 
vaporize  the  liquid  particles,  which,  more  or  less,  always  accompany  the  steam  generated  from 
water  at  what  is  called  the  boiling-point.  If  a  given  quantity  of  steam  in  the  boiler  contains,  say 
10  per  cent,  of  liquid  particles,  their  conversion  into  steam  is  of  equal  value  with  the  vaporization 
of  any  other  10  per  cent,  of  the  water  in  the  boiler.  In  addition,  however,  it  has  the  further 
advantage  of  relieving  the  cylinders  from  the  presence  of  so  much  liquid  matter.  In  high- 
pressure  engines,  as  in  locomotives,  this  is  not  of  such  importance,  inasmuch  as  the  liquid  par- 
ticles are  driven  off  with  the  steam  as  each  cylinderful  is  discharged.  In  the  case  of  condensing 
engines,  however,  the  advantage  arising  from  the  absence  of  liquid  matter,  and  what  is  termed 
dry  steam,  is  considerable. 

"  All  boilers,"  Murray  observes,  "  are  subject  to  the  loss  of  a  certain  quantity  of  heat  contained 
in  the  water  which  passes  off  with  the  steam  in  the  shape  of  a  fine  spray.  When  much  of  this 
mixes  with  the  steam,  the  latter  is  said  to  be  '  wet  '  ;  but  it  is  believed  that  all  steam  raised  in 
the  ordinary  way  is  thus  more  or  less  charged  with  water  in  a  state  of  fine  subdivision."  This 
has  already  been  considered  when  speaking  of  priming.  Murray  goes  on  to  say  : — "  To  evaporate  " 
(more  correctly  speaking,  to  vaporize)  "  and  utilize  this  water  is  one  of  the  principal  advantages 
of  surcharged  or  '  superheated  '  steam."  He  might  have  gone  further,  and  have  said  that  this  is 
the  sole  advantage  gained  by  this  much-extolled  process.  That  this  is  even  Murray's  opinion 
may  be  assumed  from  the  following  brief,  and,  we  believe,  just  summary,  namely  : — "  The  very 
high  rates  of  economy  are  shown  by  those  boilers  which  were  previously  the  worst  to  keep  steam 
with,  and  which  required  very  hard  firing  to  do  so  ;  those  addicted  to  priming  and  wet  steam  rank 
next  in  apparent  economy  ;  while  those  boilers  that  show  the  least  were  originally  the  best  speci- 
mens of  their  class."  This  at  once  raises  the  question  whether  it  would  not  be  better  to  have  the 
boilers  so  constructed  that  they  should  have  no  spare  heat  to  be  so  applied  ;  for  whatever  heat  is 
so  applied  would  have  been  more  economically  and  efficiently  employed  in  generating  steam  in 
the  first  instance,  rather  than  in  being  allowed  to  escape,  as  waste  heat,  for  the  employment  of 
which  this  superheating  process,  and  the  other  process  of  heating  the  feed-water,  have  been 
invented.  Whatever  degree  of  success  accompanies  either  of  these  processes  will,  in  fact,  be 
in  the  ratio  of  the  waste  heat  ;  that  is,  in  proportion  as  the  boiler  is  deficient  in  the  legitimate 
application  of  the  heat  generated  by  the  combustion  of  coal.  Thus,  the  more  imperfect  are  the 
boiler  and  its  furnaces  in  promoting  perfect  combustion,  and  thus  realizing  the  full  calorific 
power  of  the  fuel,  and  in  applying  the  heat  so  generated,  the  greater  will  be  the  apparent  advan- 
tage of  heating  the  steam  of  the  feed-water. 

Eobert  Murray  being  selected  from  among  many  modern  engineers  who  entertain  similar 
views  respecting  boilers,  it  is  only  right  to  add  K.  Murray's  reply.  Writing  to  the  secretary  of 
the  Inst,  of  N.  A.,  Murray  said  : — "  Having  been  unable  to  attend  the  last  meeting  of  the  Insti- 
tution of  N.  A.,  I  am  glad  to  be  allowed  this  opportunity  of  replying  very  briefly  to  Mr.  Wye 
Williams's  remarks  upon  certain  portions  of  a  paper  of  mine,  read  before  the  Institution  in  the 
spring  of  1860.  While  doing  so,  I  would  wish  to  express  my  hearty  appreciation  of  Mr.  Williams's 
long  and  valuable  labours  in  the  peculiar  branch  of  engineering  science  to  which  he  has  so 
ardently  devoted  himself;  but,  at  the  same  time,  I  must  confess  to  a  doubt  whether  he  is  not 
riding  his  hobby  rather  too  fast.  It  is  my  lot  to  see  many  pet  contrivances  and  fondly-cherished 
theories  sent  off  from  this  port  of  Southampton  on  a  cruise  into  the  wide  world  ;  and  of  these, 
when  separated  from  the  fostering  care  of  their  parents,  very  few  indeed  ever  live  to  come  back. 
This  sad  spectacle,  in  place  of  enlarging  our  sympathies,  tends  I  fear  to  make  us  practical  men 
only  the  more  hard-hearted  and  unbelieving.  I  admit,  however,  that  a  little  poking  by  such 
men  as  Mr.  Wye  Williams  is  good  for  us.  I  shall  now  attempt  to  meet  some  of  Mr.  Williams's 
objections. 

"  With  regard  to  the  much- vexed  question  of  '  smoke-burning,'  I  still  maintain  that  in  the 
furnaces  of  a  marine  boiler  '  it  is  not  alway„  an  economical  process  '  ;  and  further,  that  '  consider- 
able caution  is  necessary  for  the  due  regulation  of  the  quantity  of  air  to  be  admitted  for  this 
purpose.'    It  is  of  course  apparent  to  every  one,  that  the  furnace  demands  a  large  quantity  of 
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atmospheric  air  at  each  recurring  period,  when  the  fresh  charge  of  coal  is  undergoing  the  process 
of  distillation,  and  therefore  parting  with  its  gaseous  constituents.  This  state  of  the  furnace, 
however,  lasts  for  only  two  or  three  minutes  out  of  every  ten  ;  and  if  the  rush  of  cold  air  were  to 
be  continued  after  the  fire  has  burnt  clear,  and  there  is  only  incandescent  carbon  on  the  bars,  a 
most  damaging  effect  would  be  produced  by  the  cooling  of  the  flues  and  tubes.  It  becomes,  then, 
a  practical  question,  whether  the  quantity  of  air  to  be  admitted  can  be  readily  and  properly 
adjusted  to  the  condition  and  requirements  of  the  fuel  in  the  furnace.  That  with  an  experimental 
boiler  worked  by  trained  stokers,  either  on  shore,  or  on  board  ship,  this  can  be  done  so  as  to  show 
a  high  degree  of  economy,  no  engineer  will  doubt  ;  but  the  question  still  remains,  Can  we  place 
sufficient  dependence  upon  the  ordinary  fireman  to  be  found  on  board  a  steamer,  as  to  leave  it  in 
their  power  to  inflict  a  serious  injury  upon  the  boilers  by  their  stupidity  or  neglect  ;  or  will  it  not 
be  preferable  to  adopt  some  simple  and  fixed  arrangement  for  this  purpose,  which  will  not  be 
dependent  for  its  efficacy  upon  the  precarious  attention  of  the  stokers  ?  This  may  be  done  to 
some  extent  by  self-acting  apparatus  ;  but  whenever  such  has  been  fitted  on  board  a  steamer,  it 
has  been  (so  far  as  my  experience  goes)  invariably  abandoned  after  a  few  months'  trial.  It  would 
appear,  in  fact,  that  the  usual  conditions  of  the  stoke  place  of  a  sea-going  steamer  are  incom- 
patible alike  with  any  great  amount  of  discriminating  attention  to  be  expected  from  the  men,  or 
with  the  satisfactory  working  of  a  piece  of  nice  mechanism  left  in  their  charge.  There  can,  I 
think,  be  no  objection  to  admitting  a  small  and  fixed  quantity  of  air  through  a  perforated  plate 
behind  the  fire-bars  (as  shown  in  "Williams's  woodcut,  Fig.  884),  if  this  be  done  judiciously. 
The  danger  in  such  a  case  is,  that  the  neighbouring  plates  may  suffer  harm  from  being  one 
minute  intensely  heated  as  by  the  flame  of  a  blow-pipe,  and  the  next  minute  chilled  by  a  cold 
blast  after  the  flame  has  been  expended,  the  continual  expansion  and  contraction  thus  induced 
tending  to  weaken  the  plates  by  throwing  iron-scale  off  their  surface.  It  is  therefore,  perhaps, 
the  safer  plan  to  keep  by  the  more  usual  expedient  of  admitting  the  air  through  a  number  of 
small  holes  punched  in  the  fire-doors,  say  -f-in.  holes  at  the  distance  of  1|  in.  from  centre  to 
centre,  which  appears  to  answer  every  purpose,  the  door  itself  being  slightly  opened  when  more 
air  is  wanted.  The  bars  must  at  the  same  time  be  kept  covered  with  a  thin  fire,  through  which 
the  air  can  penetrate,  and  not  smothered  with  coals  as  shown  in  Mr.  Williams's  woodcuts. 

"  As  to  the  alleged  deficiency  of  absorbent  power  in  the  tube-surface  of  a  marine  boiler,  there 
can  be  no  question  but  that  Mr.  "Williams's  statements  and  conclusions  demand  the  most  careful 
and  anxious  consideration.  I  confess  myself  so  far  a  convert  to  his  views,  that  I  would  be  glad  to 
see  the  tubes  curtailed  in  length  to  such  an  extent  as  to  admit  of  a  considerably  larger  space  than 
is  usually  allowed  between  the  ends  of  the  bars  and  the  tube-plate.  That  the  first  portion  of  the 
tubes  should  be  so  much  more  effective  than  the  rest  may,  I  think,  be  explained  by  supposing 
that  the  flame  penetrates  through  them  to  this  distance  only,  becoming  then  extinguished  by  the 
reduction  of  temperature  in  the  tubes,  in  the  same  way  that  it  cannot  pass  through  the  meshes  of 
the  wire  gauze  of  the  miner's  lamp.  That  the  remainder  of  the  tubes  should  not  absorb  more 
heat  from  the  gases  in  their  transit,  is  certainly  a  very  remarkable  and  unlooked-for  result.  The 
use  of  tubes  of  not  less  than  about  3%  in.  diameter  seems  preferable,  as  allowing  the  flame  to 
penetrate  further  through  them. 

"  While  speaking  of  '  priming,'  Mr.  Williams  remarks  that  my  expression  of  a  '  serious  loss  of 
heat  being  carried  off  by  the  water  '  is  '  erroneous.'  The  extent  of  this  loss  is  evidently  just  so 
much  caloric  as  was  necessary  for  raising  the  ejected  water  from  the  temperature  of  the  feed 
to  that  of  the  water  in  the  boiler. 

"  Lastly,  with  regard  to  superheated  steam,  it  is  now  pretty  well  understood  that  with  a  tempe- 
rature of  from  280°  to  300°  Fahr,  in  the  steam-pipes  we  have  all  the  advantages  of  which  the 
process  is  capable  without  endangering  the  valves  and  packings  of  the  engines.  I  must  differ 
from  Mr.  Williams,  however,  in  thinking  that  its  'sole'  advantage  is  the  vaporization  of  the 
watery  particles  contained  in  the  steam,  as  I  think  we  derive  an  almost  equal  advantage  from 
the  saving  of  condensation  in  the  pipes,  ports,  and  cylinders." 

Mr.  C.  Wye  Williams,  writing  to  the  secretary  respecting  the  above  remarks  of  Mr.  Murray, 
said  : — "  In  reference  to  Mr.  Murray's  additional  remarks,  I  have  only  to  express  my  belief  that  his 
objections  are  severally  and  substantially  answered  in  the  extracts  I  have  given  from  the  report 
of  Messrs.  Armstrong,  Kichardson,  and  Longridge,  on  the  proceedings  at  Newcastle  (page  440). 
His  remarks  on  the  admission  of  air  and  '  smoke  burning  '  seem  to  be  the  result  of  an  oversight, 
on  his  part,  as  to  what  my  plans  and  recommendations  really  are.  My  regret  at  this  is  the  greater, 
as  ho  has  himself  fully  absolved  me  from  the  charge  of  suggesting  speculative  remedies,  when  he 
adds  : — '  I  see  no  objection  to  admitting  a  small  and  fixed  quantity  of  air  through  a  perforated  plate 
behind  the  fire-bars,  as  shown  in  Mr.  Williams's  woodcut,  Fig.  884.'  Again,  Mr.  Murray  says: — 
*  It  is,  perhaps,  the  safer  plan  to  keep  by  the  more  usual  expedient  of  admitting  air  through  a  num- 
ber of  small  holes  in  the  fire-doors,  which  appears  to  answer  every  purpose.'  Had  Mr.  Murray 
looked  further  ho  would  have  found  that  this  'safer  plan,'  which  'answers  every  purpose,'  is 
identically  what  I  adopted  under  my  patent  of  1838,  and  was  that  exclusively  used  by  me  at  the 
Newcastle  experiments,  which  lasted  twelve  days,  the  claim  of  the  patent  being,  '  The  use,  con- 
struction, and  application  of  the  perforated  air-distributor,  by  which  the  atmospheric  air  is  more 
immediately  and  intimately  blended  with  the  combustible  gases  generated  in  the  furnace.' 

"As  to  the  deficiency  of  the  heat-transmitting  power  of  tubes,  which  it  was  the  main  purpose 
of  my  paper  to  describe,  Mr.  Murray  says  all  that  was  necessary  in  confirmation  of  my  views,  and 
in  giving  them  the  benefit  of  his.  concurrence,  when  he  adds  : — 'As  to  the  alleged  deficiency  of 
absorbing  power  in  the  tube-surface,  there  can  be  no  question  but  that  Mr.  Williams's  statements 
demand  the  most  careful  and  anxious  consideration.  I  confess  myself  so  far  a  convert  to  his 
views  that  I  would  be  glad  to  see  the  tubes  contracted  in  length  to  such  an  extent  as  to  admit 
of  a  considerably  larger  space  than  is  usually  allowed  between  the  ends  of  the  bars  and  the 
tube-plate.'    If  this  be  done,  it  will  remove  one  of  the  impediments,  both  to  the  full  combustion 
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of  the  furnace  -  gases, 
and  the  increased  eva- 
porative power  of  the 
boiler.     On  the  whole, 
then,  it  appears  that,  so 
far  from  there  being  any  «gps 
essential  difference  be- 
tween Mr.  Murray  and 
myself,  we  are  substan-  ^j^ 
tially  in  accord  on  all    ' 
essential  points." 

We  now  come  to  the 
present  practice  of  en- 
gineers, by  which  dif- 
ferent descriptions  of 
boilers  are  constructed 
and  arranged  to  suit  va- 
rious purposes.  How  far 
these  numerous  forms 
and  combinations  fulfil 
the  necessary  require- 
ments, the  engineer 
will,  it  is  presumed,  be 
able  to  decide,  from  the 
accurate  experiments, 
abstract  reasoning,  and 
practical  results  which 
we  have  adduced. 

Marine  Boilers. — Fig. 
885  shows  an  example 
of  the  high-type  modern 
marine  boiler,  as  de- 
signed by  N.  P.  Burgh, 
and  illustrated  in  his 
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practical  work  on  Marine  Engineering,  to  which  we  are  indebted  for  many  of  our  examples  of 
marine  boilers.  The  fire-box  and  combustion-chamber  are  partially  separated  by  a  brick  bridge 
The  tubes  have  a  slight  rake  inclining  upwards  at  the  smoke-box  end,  this  end  being  the  final 
evaporator.  The  vertical  tubes  in  the  upper  portion  of  the  smoke-box  are  for  superheating  Ine 
fire-bars  are  inclined  towards  the  inner  extremities  for  two  purposes,  the  one  to  assist  the  action  ot 
stokin-  or  agitating  the  fire,  and  the  other  to  accelerate  the  draught— it  being  remembered  that 
the  greater  portion  of  the  draught  enters  below  the  bars.  Fig.  886  shows  an  enlarged  front  eleva- 
tion of  the  same,  half  complete  and  half  in  section. 

Fi«*s  887  888,  889,  show  an  end  elevation,  sectional  plan,  and  sectional  elevation  ot  the  boilers 
fitted  m  H.M.S.S.  '  Vigilant,'  '  Wanderer,'  and  '  Osprey,'  by  Maudslay,  Sons,  and  Field.  The  dispo- 
sition of  the  boilers  in  the  hull  is  represented  by  the  elevations,  the  plan  referring  to  only  one 
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Sectional  plan. 


boiler.  The  fir« -boxes  are  fore  and  aft  of  the  shell  at  the  side.  The  combustion-chambers,  one  to 
each  grate,  are  at  right  angles  with  the  fire-boxes;  the  tubes  are  arranged  in  a  line  with  and  out- 
side  each  fire-box,  thus  forming  a  return  action.  A  longitudinal  flue  is  introduced,  extending 
throughout  the  Length  of  the  boiler,  so  as  to  render  the  final  uptake  common  to  the  smoke-boxes. 
On  referring  to  the  sectional  elevation,  it  will  be  seen  that  this  flue  is  the  same  height  as  the 
Bmoke-boz,  a  divisional  water-space  causing  a  complete  separation.  The  fire-box  is  contracted  at 
the  base-line,  also  the  side  and  bottom  of  the  shell  are  angularly  connected.  This  form  of  con- 
strue! ¡mi  is  «lue  to  the  beam  of  the  hull  for  which  the  boilers  were  designed. 

The  details  are:  Two  boilers  of  LOO  u.v.  collectively;  length  of  shell,  19  ft.  4  in.  ;  width  of 
one  shell,  !»  ft.  i;  in.  ;  height  of  shell,  ò  It.  10  in.  There  arc  four  fire-grates,  each  grate  being  6  ft. 
1  in.  long  by  2  ft.  LO  in.  wide.  The  fir. -box  is  :;  ft.  6  in.  deep  at  each  end.  192  of  the  tubes  are 
<;  ft.  6  in.,  and  L92  6  ft.  in  Length.  The  total  number  of  tubes  is  384,  each  tube  being  2^  in 
outside  diameter. 

Pig.  890  represents  s  boiler  with  tubes,  made  by  Maudslay,  Sons,  and  Field,  for  H.M.S.S. 
4  Mutine'  and  'Chameleon.'  The  boiler  is  ..ree,  u.v.:  the  shell  is  9  ft.  8 in.  long,  18  ft.  4  in.  wide, 
îini1  '  ft.  ,;  in.  high.  There  are  four  grates,  each  -rate  being  5  ft.  10  in.  long  by  2  ft.  wide.  The 
fire-bos  Is  ."»  ft.  LO  in.  deep.  Total  number  of  tubes  262,  each  tube  being  6  ft.  long  and  2h  in.  out- 
sale  diameter,  There  are  two  -rales  to  each  cluster  of  tubes,  placed  near  the  outer  side  of  the  shell. 
The  combustion-chamber  is  at  right  angles  with  the  grate.  The  tubes  arc  placed  in  the  centre 
bi  iwi  en  the  fire-boxes.    The  smoke-boxes  are  at  the  boiler-front  between  the  inner  fire-boxes. 


Sectional  plan. 


Figs.  891,  892,  893,  894,  show  elevation,  plan,  and   sections  of  the  two  boilers  of  H.M.S.S. 
Eeindeer'  and  'Perseus,'  by  J.  and  Gr.  Eennie.     They  are  of  130  h.p.     Length  of  shell,  16  ft.  ; 
width,  10  ft.  6  in.  ;  height,  7  ft.  6  in.  ;  six  fire-grates,  5  ft.  6  in.  long  by  2  ft.  10  in.  wide  ;  fire-box, 
4  ft.  6  in.  deep  ;  528  tubes,  each  tube  being  6  ft.  long  and  2|  in.  outside  diameter. 
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Figs.  895,  896,  show  elevation  and  section  of  the  boilers  made  by  J.  and  G.  Eennie  for  S.S.S. 
1  (¿onerai  Murillos'  and  « General  Victoria.'  There  are  four  boilers,  of  200 h. p.  collectively.  Each 
shell  is  12  ft.  long,  10  ft.  wide,  and  7  ft.  high.  There  are  eight  grates,  each  grate  being  5  ft.  9  in.  long 
by  3  ft.  wide.  The  fire-box  is  3  ft.  deep  in  front,  and  2  ft.  at  back.  There  are  628  tubes,  6  ft. 
long  and  2  ¿in.  outside  diameter. 
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Sectional  elevation. 


Transverse  seen 


Figs.  897,  898,  show  the  tubular  boiler  made  by  James  Watt  and  Co.  for  the  Bombay  Steam 
Navigation  Company.  It  is  of  30  h.p.  The  shell  is  7  ft.  1  in.  long,  11  ft.  wide,  and  8  ft.  6  in.  high. 
It  has  two  grates,  4  ft.  9  in.  long  and  2  ft.  2  in.  wide.  The  fire-box  is  3  ft.  deep.  Number  of 
tubes  144,  each  tube  4  ft.  11  in.  long,  1\  in.  outside  diameter.  The  doors  seen  under  the  grate  at 
the  back,  Fig.  898,  are  for  the  admission  of  air  beyond  the  bridge,  a  suitable  framework  being 
fitted  in  the  fire-box.  The  gear  shown  by  the  dotted  lines  and  in  the  dome  relates  to  the  safety- 
valve.  Fig.  897  shows  the  combustion-chamber,  smoke-box,  and  uptake,  in  section.  It  will  be 
seen  that  the  tubes  connecting  the  combustion-chamber  and  smoke-box  are  at  an  incline  ;  this  is 
for  the  purpose  of  accelerating  the  draught.  The  uptake  is  curved  and  surrounded  by  the  steam  ; 
this  renders  partial  superheating  attainable  without  extra  detail  or  expense. 
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Section  il  elevation  through  A,  B. 


Transverse  sectional  elevation. 


Figs,  89&900,  ahowthe  boilers  made  by  James  Watt  and  Co.  for  the  S.S.  'Tyrsaad.'  They  are 

!'/''■  •  ?  !  I' "  ?  V-  '""-•  i;*  '''■  "uU-  ,m'1  lu  fi  ,li-h-  T*"*e  are  eight  crates,  7  ft.  long 
and  -  ft.  wide.  I  he  Bre-boi  is  8  ft.  deep  Lu  front,  and  S  ft.  3  in.  deep  at  back.  There  are  520 
robes,  <  ach  tube  tx  mg  5  it.  8  in.  long  and  2.1.  in.  outside  diameter. 

ngs.  90L  902,  '.»■>:;.  904,  represenl  the  two  boilers  made  by  James  Watt  and  Co.  for  H.M.S. 

,,;rn;/  _    '  '"  J! :,,v  "r  l",,  »1  •    Lengthof  shell,  L6  ft.  6  in.;  width  of  one  shell,  9  ft.  6  in.;  height 

U    ,  tt.  6  m      Six  grates,  each  grate  5  ft.  S  in.  Long  by  2  ft.  4  in.  wide.    The  fire-box  is  3  ft. 

deep  m  rmi.t.  and  8  ft.  6  m.  at  back.     There  are  i  io  tnbes,  each  5  ft.  6  in.  long  and  2£  in.  outside 

TI,,  brindai r  boiler  invented  by  Edward  N.  DickersoL  is  shown  in  Fig.  905.    It  has  two  series 
M  tuiM ,,  \\  and  B,  thj  of  which  series  the  water  passes,  and  upon  the  exterior  of  which 
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Transverse  sectional  elevation. 
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the  heated  products  of  combustion  impinge,  while  the  steam  on  its  passage  to  the  outlet  is  made 
t>>  .surround  and  envelop  the  other  series  through  which  the  products  of  combustion  are  made  to 
pass,  thus  superheating  the  steam.  The  water-tubes  of  this  boiler  are  so  arranged  that  by  remov- 
ing doors  or  plates  D,  both  ends  of  the  tubes  may  be  reached  and  cleaned  without  going  into  the 
boiler. 

Fig.  906  refers  to  the  boiler  invented  by  "William  Mont  Storm.  The  boiler  consists  of  a 
cylindrical  horizontal  shell,  in  the  centre  of  which  are  situated  two  fire-boxes  separated  by  a  water- 
space.  The  smoke-boxes  are  situated  within  the  water-space,  with  the  pipes  mfm  for  circulating 
the  smoke  to  the  uptake.  Flues  are  provided  for  conveying  air  to  the  furnace,  which  run  parallel 
with  the  generating  tubes;  and  a  water-head  is  formed  in  each  end  of  the  boiler  for  affording 
access  to  the  outer  ends  of  the  tubes.  This  water-head  is  connected  with  the  boiler  by  circulating 
pipes,  so  that  it  is  made  to  act  as  a  generator  of  steam  as  well  as  a  water-heater.  The  fire  passes 
right  and  left  through  the  flues  or  tubes  to  the  chambers  i,  »,  and  thence  through  its  proper 
conduit  to  the  uptake. 

Fig.  907  is  an  elevation  in  section  of  the  marine  steam-boiler  of  that  ingenious  inventor  and 
engineer,  Thomas  Dunn,  a  is  the  outer  shell  of  the  boiler  ;  6,  the  fire-grate,  and  c,  the  roof  of  the 
fire-box,  which  is  formed  of  semi-elliptical  plates  riveted  together  at  their  edges,  thereby  producing 
a  corrugated  surface  against  which  the  products  of  combustion  impinge  ;  these  corrugations  give 
a  larger  heating-surface  to  the  fire-box  and  increase  its  strength.  Beyond  the  fire-grate  b  is  the 
bridge  d,  over  which  the  products  of  combustion  pass  to  the  down-flue  e,  then  through  the  tubes  / 


C1^QL 


fonningthe  multitubular  part  of  the  boiler,  and  then  into  the  chamber  a  which  communicates  by 
means  of  tin-  Bue  h  with  the  chimney  or  funnel.    Under  the  bridge  ci  a  few  short  tubes  d'  are 


._  going  until  the  water  rises  in  the  vessel  sufficiently 
o  exnnguisJi  tneflres.  J  be  grate-bar  m  ¡s  shown  in  about  the  position  of  the  fire-grates  in  marine 
boilers  ofthe  ordinary  construction,  and  the  grate-barö  above  it  indicates  the  level  of  the  fire- 
grate  m  Dunns  boiler. 


■  '  ''•  -,  'V'  >'"'u"ii  o£  another  of  Dunn's  marine  boilers.  In  this  instance  the  roof  of  the  fire- 
Dox  u  rnaae  ^corrugated  plates  c  Btayed  longitudinally  and  vertically,  and  the  water-partitions 
,  shown  „,  section  „■  |. ,,.  .„,.,.  :nv  plw5ed  ¡„  lh(,  down.flue  e  to  abaorbJ¿  portion  of  the  ncat  from 

'H'  P'-in.-t,  „i  oombustion  in  passing  to  the  up  and  down  flues  ?,  which  are  formed  by  the  water- 
P*™VÎM  °i  projecting  downwards  from  the  central  portion  ofthe  boiler,  and  the  partitions/) 
pH.irrtin-  Qpwardfl  from  the  lower  part  of  the  boiler.  The  chamber  g  and  the  flues  h  and  j  are 
similar  to  those  above  described  in  reference  to  Pig.  907.  In  this  boiler  the  outer  side  of  the 
cnamoerp  is  formed  by  the  water-partition  q,  and  consequently  all  the  flues  and  lower  portions  of 

'"'  boiler  are  perfectly  water-tight,  so  thai  in  case  of  the  leaking  of  the  vessel  the  boiler  may  be 
tepl  m  full  work  until  the  water  rises  to  the  level  of  the  tire-rate  6.  In  both  the  marine  boilers 
shown  m  Figs.  907,  908,  the  Ore  is  applied  neu-  to  the  surface  of  the  water,  and  in  a  most  advan- 
tageous position  for  imi. idly  generating  steam  :  the  ashes  and  cinders  are  collected  in  the  buckets 
r,  and  the  direction  ol  the  products  of  combustion  is  indicated  by  the  arrows. 
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Fig.  910  represents  a  modification  of  the  marine  boilers  shown  iu  Figs.  907,  908.    In  this  boiler 
the  heating-surface  is  increased,  and  the  circulation  promoted  by  the  two  sets  of  tubes  M  and  N 
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placed  in  the  flue  e.  The  bridge  d  is  made  to  contain  water,  and  it  is  connected  to  the  corrugated 
roof  c  by  pipes  d2. 

Figs.  911,  912,  show  an  elevation  and  plan  of  two  boilers  designed  by  N.  P.  Burgh  for  a  gun- 
boat. They  are  of  100  h.p.  collectively.  The  shell  is  19  ft.  9  in.  long,  each  shell  12  ft.  wide  and 
5  ft.  9  in.  high.  There  are  four  grates,  6  ft.  long  and  3  ft.  wide.  The  fire-box  is  3  ft.  deep. 
There  are  780  tubes,  400  being  5  ft.  9  in.,  and  380  7  ft.  6  in.  long  ;  outside  diameter  of  each  tube, 
2|  in. 

The  boilers  made  by  Maudslay,  Sons,  and  Field,  for  H.M.S.S.  'Ajax'  and  'Edinburgh,'  are 
shown  m  plan,  Fig.  913.  In  each  ship  there  are  two,  of  450  h.p.  collectively.  The  shell  of  each 
boiler  is  34  ft.  6  in.  long,  15  ft.  6  in.  wide,  and  9  ft.  10  in.  high.  There  are  twelve  fire-grates, 
each  grate  6  ft.  4  in.  long  and  3  ft.  wide.  The  fire-box  is  3  ft.  6  in.  deep  in  front,  and  4  ft.  2  in.  at 
back.    Number  of  tubes,  1506  ;  each  tube  4  ft.  10  in.  long,  2§  in.  external  diameter. 
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Sectional  plan 
912. 


Elevation,  halt'  in  section,  halt  complete. 


BOILEE. 


459 


Figs.  914,  915,  exhibit  elevations  of  the  boiler  designed  by  N.  P.  Burgh  for  a  steam  yacht.  It 
is  of  25  H.p.  The  shell  is  11  ft.  6  in.  long,  7  ft.  wide,  7  ft.  high;  one  fire-grate,  6  ft.  long,  2  ft. 
9  in.  wide  ;  fire-box,  2  ft.  9  in.  deep.  Number  of  tubes,  72  ;  each  tube  8  ft.  long  and  2J  in. 
outside  diameter. 

E.  Humphrys'  marine  boiler  is  shown,  Figs.  916,  917.  The  uptake  is  constructed  in  such  a 
manner  that  a  number  of  vertical  tubes  may  be  placed  in  it,  the  uptake  forming  part  of  the  main 
boiler.  The  vertical  tubes  serve  as  a  superheating  apparatus,  and  render  unnecessary  any  pipes 
or  valves  for  conducting  the  steam  to  the  superheater. 

Fig.  917  shows  the  tubes  and  smoke-box.  Directly  above  the  tubes  a  plate  is  fastened,  and 
another  plate  is  placed  near  the  roof,  the  plates  being  connected  by  the  vertical  tubes  and  stays. 
The  passage  of  the  steam  is  indicated  by  the  arrows. 

The  boilers  represented  in  Figs.  918  to  921  are  fitted  in  H.M.&.  '  Oberon,'  260  h.p.,  and  were 
designed  by  Capt.  A.  A.  Cochrane  and  at  Woolwich  Factory  respectively.  The  length  of  shell  in 
Capt.  Cochrane's  boiler,  Figs.  918, 919,  is  12  ft.  ;  width  of  shell,  11  ft.  6£  in.  ;  number  of  steel  tubes, 
915  ;  length  of  steel  tubes,  3  ft.  3  in.  ;  outside  diameter  of  steel  tubes,  If  in.  ;  actual  weight  of 
boiler,  20  tons  7  cwt.  •  actual  weight  of  water,  12  tons  8  cwt.  1  qr. 


Heating-surface  in  tubes sq.ft. 

„                „        furnaces,  &c ,, 

Total  heating-surface „ 

Area  of  fire-grate        -, 

Capacity  of  combustion-chamber      cub.  ft. 

Area  at  throat  of            „                   sq.  in. 

„    between  close  tubes „ 

„     under  trap  or  water-space        „ 

,,    between  smoke-box  door  and  water-space  „ 

„    at  mouth  of  uptake » 


Total. 


1310-54 

337-83 

1648-37 

71-79 

157-2 

2146-37 

1942-0 

2099-5 

1799-0 

1728-0 


Each 
nominal  h.p. 


10-08 

2-6 

12-68 

'55 

1-21 

16-51 

15-0 

16-15 

13-83 

13-3 


To  each  foot 
of  Grate. 


Capacity  of  boiler,  1460  5  cub.  ft.  ;  capacity  for  water,  444-78  cub.  ft.  ;  capacity  for  steam,  315  6 
cub.  ft. 

The  length  and  width  of  shell  of  the  boiler  made  at  Woolwich  Factory,  Figs.  920,  921,  are  the 
same  as  that  shown  in  Figs.  918,  919.  The  height  of  the  boiler  is  12  ft.  2|  in.  ;  number  of  brass 
tubes,  394  ;  length  of  brass  tubes,  6  ft.  6  in.  ;  outside  diameter  of  brass  tubes,  2 J  in.  ;  actual 
weight  of  boiler,  21  tons  13 cwt.  8  lbs.  ;  actual  weight  of  water,  14  tons  19  cwt.  3  qrs." 


Heating-surface  in  tubes     . .      . .  sq.  ft. 

„               „          furnaces,  &c.  „ 

Total  heating-surface „ 

Area  of  fire-grate „ 

Capacity  of  combustion-chamber  cub.  ft. 

Area  at  throat  of            „  sq.  in. 

„    through  tubes       ..      ..      ..  „ 

„     at  mouth  of  uptake     . .      . .  „ 


Total. 


1674-5 

234-0 

1908-5 

75-81 

55-18 

2144-0 

1564-18 

1728-0 


Each 
nominal  h.p. 


To  each  foot 
of  Grate. 


12-88 

1-8 
14-68 
-58 
«42 
16-5 
12  03 
13-3 


22-08 

3-08 

25-16 

V727 
28-3 
20-63 
22-8 


Capacity  of  boiler,  1460-  5  cub.  ft.  ;  capacity  for  water.  537  cub  ft.  ;  capacity  for  steam,  369  cub.  ft. 
The  boilers  for  H.M.S.  '  Audacious,'  800  h.p.,  are  made  on  two  plans,  one  by  Eavenhill, 
Hodgson,  and  Co.,  and  the  other  by  Capt.  A.  A.  Cochrance.  Figs.  922,  923,  924,  show  the  boiler  by 
Eavenhill,  Hodgson,  and  Co.  The  number  of  tubes  is  409  ;  length  of  tubes,  6  ft.  7  in.  ;  outside 
diameter  of  tubes,  3  in.  ;  estimated  weight  of  boiler,  22  tons  5  cwt.  ;  estimated  weight  of  water, 
14  tons  5  cwt.  2  qrs. 


Heating-surface  in  tubes     . .      . .  sq.  ft. 

„            „            furnaces,  &c.  „ 

Total  heating-surface „ 

Area  of  fire-grate          „ 

Capacity  of  combustion-chamber  cub.  ft. 

Area  at  throat  of          „               . .  sq.  in. 

„      through  tubes      „ 

„      at  mouth  of  uptake     ..      ..  „ 


Total. 

Each 

To  each  foot 

nominal  h.p. 

of  Grate. 

2208-6 

16-56 

25-175 

304 

78 

2-28 

3-47 

2573 

38 

18-85 

28-65 

87 

725 

•65 

105 

43 

•8 

12 

3560 

0 

26-7 

40-58 

2429 

0 

18-22 

27-69 

1980 

0 

14-85 

22  57 

Capacity  of  boiler,  1898  cub.  ft.  ;  capacity  for  water,  519-68  cub.  ft.  ;  capacity  for  steam,  483  25 
cub.  ft. 
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Longitudinal  sectional  elevation. 


Transverse  sectional  elevation. 


916. 


917. 
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Sectional  elevation. 


Transverse  section. 
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Figs.  925,  926,  927,  exhibit  Capt.  Cochrane's  plan.  The  particulars  are: — Number  of  steel 
tubes,  870  ;  length  of  steel  tubes,  3  ft.  6  in.  ;  outside  diameter  of  steel  tubes,  If  in.  ;  estimated 
weight  of  boiler,  24  tons  2  qrs.  ;  estimated  weight  of  water,  12  tons  8  cwt.  2  qrs. 


Heating-surface  in  tubes sq.  ft. 

„            „           furnaces,  &c „ 

Total  heating-surface         „ 

Area  of  fire-grate         „ 

Capacity  of  combustion-chamber cub.  ft. 

Area  at  throat  of            „                   sq.  in. 

„     between  close  tubes „ 

„     under  trap  or  water-space        . .      . .     . . .  „ 

„     between  smoke-box  door  and  water-space  „ 

„      at  mouth  of  uptake „ 


Total. 


1395-44 
513-19 

1908-63 
87-725 
282-0 
2905-0 
3192-0 
2728-0 
2898-0 
2016-0 


Each 
nominal  h.p. 


•5 
•84 
•34 
•65 

1 

•7 
•2 
•4 

7 
•2 


To  each  foot 
of  Grate. 


Capacity  of  boiler,  1898  cub.  ft.  ;  capacity  for  water,  445*3  cub.  ft.;  capacity  for  steam,  483*25 
cub.  ft. 
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H.M.S.  '  Chanticleer,'  200  h.p.,  is  fitted  with  boilers  designed  by  Capt.  Cochrane  and  by  the 
Government  Factory  at  Woolwich  respectively.  Figs.  928,  929,  930,  represent  those  by  Capt. 
Cochrane.  Number  of  steel  tubes,  929  ;  length  of  steel  tubes,  2  ft.  6  in.  ;  outside  diameter  of  steel 
tubes,  1 J  in.  ;  actual  weight  of  boiler,  18  tons  18  cwt.  2  qrs.  18  lbs.  ;  actual  weight  of  water,  8  tons 
11  cwt.  22  lbs. 


Heating-surface  in  tubes     . . 

„  „  furnaces,  &c. 

Total  heating-surface 

Area  of  fire-grate 

Capacity  of  combustion-chamber 
Area  at  throat  of  „ 

„    between  close  tubes     . . 

„     under  trap  or  water-space  . . 

„     at  mouth  of  uptake 


sq.  ft. 


cub.  ft. 
sq.  in. 


Total. 

Each 
noruiual  h.p. 

758  6 

10 

53 

241 

89 

3 

35 

1000 

49 

13 

88 

48 

37 

67 

158 

7 

2 

204 

2160 

0 

30 

0 

1545 

0 

21 

45 

1486 

0 

20 

64 

1053 

0 

14 

62 

To  each  foot 
of  Grate. 


15*6 
5*0 

20-6 

3V2 
44*66 
32-15 
30-72 
21-77 


Capacity  of  boiler,  1384-87  cub.  ft.  ;  capacity  for  water,  306  7  cub.  ft.  ;  capacity  for  steam,  454' 5 
cub.  ft. 
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Figs.  931,  932,  933,  show  the  Woolwich  Factory  boilers.  The  number  of  brass  tubes,  337  ; 
length  of  brass  tubes,  5  ft.  6  in.  ;  outside  diameter  of  brass  tubes,  2 J  in.  ;  actual  weight  of  boiler, 
19  tons  2  cwt.  3  qrs.  8  lbs.  ;  actual  weight  of  water,  11  tons  3  qrs.  7  lbs. 


Heating-surface  in  tubes 
„  „  furnaces,  &c. 

Total  heating-surface , 

Area  of  fire-grate 

Capacity  of  combustion-chamber 

Area  at  throat  of  „ 

„     through  tubes      

„     at  mouth  of  uptake     . . 


sq.  ft. 


cub.  ft. 
sq.  in. 


Total. 


1213 
176 

1389 

46 

121 

1075 

1337 


Each 
nominal  hj. 


•84 

•45 

•29 

•646 

•69 

•93 

•58 

•33 


To  each  foot 
of  Grate. 

26-08 

3-8 

29-88 

2**62 

2311 
28-78 
19-1 

Capacity  of  boiler,  1384*87  cub.  ft.  ;  capacity  for  water,  395'7  cub.  ft.  ;  capacity  for  steam,  454*5 
cub.  ft. 
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Stationary  Boilers.— The  boiler  shown  in  Figs.  934,  935,  was  designed  by  A.  W.  Williamson 
and  L.  Perkins  for  very  high  pressure  steam  with  great  expansion.  It  supplies  steam  to  an 
engine  of  60  h.p.,  which  works  at  a  pressure  of  500  lbs.  to  the  square  inch. 


935. 


The  boiler  consists  of  a  number  of  horizontal  straight  wrought-iron  tubes  A,  welded  at  the 
ends,  and  connected  with  one  another  by  smaller  vertical  pipes  B.  These  tubes  contain  the  water 
to  be  evaporated,  and  the  steam,  whilst  the  fire  is  outside  them.  It  is  essential  that  the  larger 
tubes  be  horizontal  or  nearly  so,  and  that  each  of  them  be  connected  to  the  next  tube  by  means 
of  two  of  the  connecting-pipes.  The  boiler  contains  five  layers  of  the  larger  tubes  of  2 J  in. 
internal  and  3  in.  external  diameter  ;  the  connecting-pipes  are  -§■  in.  internal  and  If  in.  external 
diameter.  In  working,  the  water-level  is  in  the  middle  layer  of  tubes,  as  shown  by  the  dotted 
line  in  Figs.  934,  935  ;  it  remains  free  from  the  violent  undulations  which  occur  frequently  in 
boiiers  where  the  internal  space  is  not  divided  off.  It  is  probable  that  a  circulation  establishes 
itself  in  the  water,  which  rises  with  the  bubbles  of  steam  through  the  vertical  connecting- 
pipe  at  one  end  of  the  tube,  and  descends  by  itself  through  that  at  the  other.'  The  gases  from 
the  fire  pass  backwards  and  forwards  between  the  layers  of  tubes,  as  shown  by  the  arrows  in 
Fig.  935,  and  remain  long  enough  in  contact  with  them  to  allow  of  a  very  good  absorption  of  the 
heat.  In  another  similar  boiler  used  for  some  time,  there  were  eight  la}-ers  of  tubes  above  the 
fire.  The  boiler  is  thus  made  up  of  a  number  of  vertical  subdivisions  arranged  side  by  side,  each 
containing  five  to  eight  parallel  tubes.  The  several  sections  are  all  connected  together  at  the 
bottom,  by  means  of  a  cross  tube  C,  with  connecting-pipes  to  each  section,  through  which  the  water 
finds  the  same  level  in  all  the  sections.  The  steam  is  taken  off  through  a  similar  cross  tube  D  at 
the  top  of  the  boiler,  with  a  connecting-pipe  to  the  highest  tube  of  each  section.  All  the  sections 
are  proved  with  water  pressure  up  to  3000  lbs.  the  square  inch. 

The  boiler  has  about  12  sq.  ft.  of  grate-surface,  but  the  total  area  of  the  air-spaces  between  the 
bars  does  not  amount  to  more  than  is  supplied  by  6  sq.  ft.  of  ordinary  grate-surface  ;  and  accord- 
ingly the  fire  is  large  but  slack.  The  total  heating-surface  amounts  to  882  sq.  ft.  The  capacity 
is  about  40  cub.  ft.,  half  of  which  is  water-space  and  half  steam-room.  The  whole  boiler  is 
firmly  held  together  by  cast-iron  girders,  and  encased  in  non-conducting  sides  and  top  made  of 
four  thicknesses  of  light  plate  riveted  together  and  kept  about  f  in.  apart  by  ferrules,  so  as  to 
form  three  closed  air-chambers.     This  arrangement  is  specially  adapted  for  marine  boilers. 

The  flue  from  the  boiler  is  made  to  pass  through  a  box  containing  the  three  cylinders  of  the 
engine,  passing  first  down  the  small  or  high-pressure  cylinder,  then  up  the  middle  one,  and  finally 
acting  on  the  low-pressure  cylinder.  The  temperature  of  the  gases  in  this  box  varies  from  400° 
to  500°  Fahr.  After  leaving  the  box,  they  pass  downwards  through  a  vertical  square  flue  10  ft. 
long,  giving  up  their  remaining  heat  to  the  feed-water  which  is  forced  up  through  a  wrought-iron 
coil  of  f-in.  pipe  contained  in  the  flue,  having  200  sq.  ft.  of  heating-surface.  At  the  bottoni  of 
this  flue  the  gases  enter  a  vertical  iron  funnel  of  40  ft.  height  and  24  in.  diameter.  The  heat  is 
so  completely  abstracted  by  the  feed-water  coil,  that  after  "leaving  it  the  gases  have  never  been 
found  hotter  than  100°  Fahr. 

This  small  quantity  of  heat  in  the  chimney  gave  sufficient  draught  to  cause  the  evaporation  of 
8i  cub.  ft.  of  water  an  hour  in  the  boiler  ;  but  by  the  aid  of  a  smali  fan,  driven  by  a  belt  from  the 
main  shaft  of  the  engine,  the  evaporation  was  usually  kept  at  15  cub.  ft.  an  hour.  The  evapora- 
ting power  of  the  boiler  was  tested  by  means  of  a  water-meter,  and  in  an  experiment  of  5  hours' 
duration  390  lbs.  of  anthracite  coal  evaporated  420  galls,  of  water,  which  is  about  lOf  lbs.  of 
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water  the  lb.  of  coal.     There  is  no  doubt  that  a  larger  boiler  with  small  proportionate  loss  of  heat 
by  radiation  to  the  outer  air  would  give  a  still  more  favourable  result. 

Fig.  936  is  an  elevation,  and  Fig.  937  a  plan,  both  in  section,  of  Thomas  Dunn's  vertical  boiler. 


937. 


a  is  the  shell,  b  the  grate,  c  the  fire-box  ;  t  is  a  large  pipe  which  is  kept  full  of  water,  the  com- 
munication between  the  water-space  surrounding  the  fire-box  being  effected  by  the  branch  pipes  V  : 
to  the  outside  of  the  tube  ¿,  and  to  the  inside  of  the  fire-box,  are  riveted  T  or  angle  irons,  to  hold 
in  position  the  fire-clay  or  other  slabs  t\  shown  in  Fig.  937  ;  these  slabs  and  the  tube  t  form  the 
partition  to  separate  the  up-draught  from  the  down-draught  ;  and  the  fire-clay  of  the  slabs  when 
red-hot  ignites  the  smoke,  and  consumes  it  before  it  arrives  at  the  fiue  u  communicating  with 
the  chimney. 

Dunn's  vertical  boiler  with  two  fire-grates  is  shown  in  Figs.  938,  939.  a  is  the  shell,  b  b  the 
grates,  c  the  fire-box,  divided  in  the  centre  by  the  two  water-partitions  W,  W,  the  space  between 
which  forms  the  down-flue.  The  upper  end  of  the  partitions  W,  W,  is  partially  closed  by  a  per- 
forated fire-clay  top  W,  the  object  of  which  is  to  ignite  the  inflammable  gases,  and  to  prevent 
the  passage  of  smoke  into  the  down-draught  flue.  At  the  bottom  of  the  down-flue  are  placed  the 
pipes  V,  through  which  the  feed-water  passes,  and  is  thus  partially  heated  in  passing  to  the 
boiler. 

Figs.  940  to  944  illustrate  a  very  novel  and  useful  arrangement,  introduced  by  Hawksley, 
Wild,  and  Co.,  of  Sheffield.  It  consists  in  building  a  furnace  for  puddling,  heating  iron  and  steel 
or  other  material,  inside  the  boiler-flue,  thereby  utilizing  the  waste  heat. 

A  is  the  steam-dome  ;  B,  furnace-door,  the  doors  are  placed  on  both  sides  of  the  furnace,  so 
that  it  can  be  worked  as  a  right  or  left  hand  furnace,  or,  in  case  of  long  forgings,  right  through  ; 
C,  firing-holo  door  ;  D,  fire-brick  lining  of  furnace  ;  E,  furnace-bed  ;  F,  slag-bridge  ;  G,  tapping- 
hole  for  furnace-slag  ;  H,  heat-retainer  for  furnace-neck  ;  I,  circulating  water-tubes  ;  K,  flange 
arrangement,  for  expansion,  contraction,  strengthening,  reducing  flue,  and  retaining  the  heat. 

Robert  Daglish  and  Co.'s  multitubular  boiler  is  shown  in  Figs.  945,  946,  947.  A,  A,  is  the  stop- 
valve  with  safety-valve,  B  steam-dome,  C  man  way  and  cover,  D  chimney  and  damper,  E  steam- 
gauge,  F  water-gauge  and  gauge-cooks,  G  feed-valve  and  pipes,  '  mud-hole  for  clearing  out. 

Samuel  Smart  and  Co.'s  vertical  syphon  water-tube  boiler,  shown  in  Figs.  948,  949,  is  of 
simple  construction,  consisting  of  a  cylindrical  shell  with  internal  cylindrical  fire-box,  from  the 
crown  of  which  the  water-tubes  are  suspended,  hanging  free  into  the  fire.  Every  part  of  the  boiler 
is  easy  of  access  for  the  purpose  of  cleaning  ;  and  as  no  strain  is  thrown  upon  any  part  by  expansion 
or  contraction,  the  tubes  being  fixed  at  one  end  only,  the  boiler  is  less  liable  than  many  other  kinds 
to  get  out  of  order,  and  a  great  source  of  expense,  in  the  shape  of  repairs,  is  thereby  avoided. 

Into  eacli  of  the  water-tubes  a  syphon  is  inserted,  which  extends  down  into  the  water-space  of 
the  boiler  a  short  distance  beyond  the  ends  of  the  tubes.  These  syphons  act  as  circulating  tubes 
when  the  boiler  is  at  work,  supplying  the  water-tubes  constantly  with  water  from  the  water- 
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casing,  where  it  has  a  tendency  to  keep  cooler  than  in  the  upper  part  of  the  boiler,  but  by  means 
of  the  circulation  through  the  syphons  the  temperature  is  equalized. 

The  tubes  used  under  ordinary  circumstances,  in  stationary  and  marine  boilers,  are  of  an 
external  diameter  of  If  in.  and  2|  in.,  with  the  exception  of  the  portable  boilers,  in  which  smaller 
tubes  are  used. 


948. 


Portable. 


Stationary. 


In  the  portable  boiler,  Fig.  949,  the  water-space  surrounding  the  fire-box  is  omitted  for  the 
sake  of  lightness,  and  the  hanging  tubes  are  simply  enclosed  in  a  sheet-iron  casing  which  carries 
the  fire-grate.  The  central  flue  is  carried  down  below  the  grate,  and  a  water-space  of  the  shape 
of  an  inverted  cone  is  constructed  around  this  flue,  with  short  lateral  flues  for  the  escape  of  the 
smoke.  Into  this  water-space  the  ends  of  the  syphon  tubes  are  taken,  and  the  action  will  be 
precisely  as  in  the  stationary  boiler  already  described.  The  blow-off  cock  is  situated  at  the 
bottom  of  the  conical  water-space,  and  into  the  bottom  opening  of  the  flue  the  exhaust-pipe  of  the 
engine  is  fitted  so  as  to  close  the  opening,  the  nozzle  of  the  exhaust-pipe  terminating  just  above 
the  lateral  smoke-flues,  and  the  exhaust  steam  is  by  this  arrangement  made  to  produce  a  powerful 
blast.  In  cases  where  even  this  central  cone  adds  too  much  to  the  weight  of  the  boiler  it  is 
dispensed  with,  and  the  circulation  and  blowing  out  is  provided  for  by  means  of  a  peculiar 
arrangement  of  two-way  cocks,  and  the  boiler  is  made  without  any  water-casing  at  all. 

By  using  very  small  tubes  in  these  boilers,  a  large  amount  of  heating-surface  can  be  put  into 
a  very  small  space  ;  and  as  the  boiler  contains  only  a  small  quantity  of  water,  which  is  made  to 
circulate  very  rapidly  over  a  large  surface  in  very  thin  streams,  steam  is  generated  in  a  few 
minutes,  and  with  a  good  blast  in  the  chimney  a  quantity  of  steam  is  supplied  for  any  length  of 
time. 

^  Howard's  boiler,  Figs.  950,  951,  952,  953,  consists  of  a  series  of  vertical  tubes,  4  ft.  6  in.  long  and 
7  in.  in  diameter,  of  wrought  iron,  welded,  and  closed  at  the  upper  end  by  flat  plates  less  than 
half  an  inch  thick  welded  in.  Bound  the  lower  end  of  these  tubes  a  heavy  ring  of  cast  iron  with 
two  projecting  lugs  is  fixed.  The  tube  is  roughened  at  the  lower  end  for  a  length  of  about  4  in., 
it  is  then  placed  in  a  mould  and  the  metal  cast  about  it.  There  results  so  perfect  a  union  that 
the  tube  and  the  pipe  are  virtually  rendered  one.  The  tubes  are  disposed  in  transverse  rows 
in  a  flue  intervening  between  the  furnace  proper  and  the  chimney.  The  lower  ends  of  all  the 
tubes  in  a  transverse  row  are  united  by  a  cast-iron  tube  about  10  in.  in  diameter  outside,  and  of 
considerable  thickness.  This  tube  is  further  strengthened  by  transverse  perforated  partitions. 
It  will  be  seen  that  on  the  upper  side  of  each  cast-iron  tube,  flat  pieces,  or  pedestals,  are  cast.  In 
each  of  these  is  turned  an  annular  groove  as  wide  as  the  end  of  the  vertical  tube  is  thick,  say  §  in., 
and  of  considerable  depth.  The  ends  of  the  vertical  tubes  project  slightly  beyond  their  cast-iron 
base  rings,  and  this  projection  fits  into  the  circular  channel  before  referred  to.  The  end  of  the 
tube  is  turned  off  in  the  lathe. 

In  two  opposite  corners  of  the  squares  or  pedestals  on  the  cast-iron  tube,  recesses  are  made, 
and  into  each  of  these  is  slipped  a  heavy  gun-metal  tapped  nut.  These  nuts  can  be  drawn  out 
or  put  in  laterally,  but  they  are  held  clown  by  the  cast  iron  of  the  pedestal  which  overhangs  them 
on  three  sides.  The  base  rings  of  the  vertical  tubes  have  lugs  cast  on  them,  which,  when  the 
tube  is  put  in  place,  correspond  with  the  gun-metal  nuts  to  which  they  and  the  tube  with  them 
are  secured  by  two  bolts,  one  on  each  side,  screwed  into  the  nuts.  Before  the  tube  is  put  in  place, 
a  ring  of  composition,  made  of  lead  and  tin,  is  dropped  into  the  annular  groove,  and  on  this  the 
end  of  the  tube  rests  ;  and  being  forced  down  by  the  two  bolts  at  opposite  sides,  makes  a  joint 
tight  at  any  pressure  which  the  tubes  can  sustain,  and  yet  one  which  may  be  made  and  broken 
ten  times  in  the  day  if  necessary. 

Each  tube  has  within  it  an  internal  one,  similar  to  that  introduced  by  Ogle,  rising  up  through 
the  water-space,  dividing  the  water  into  annular  and  central  columns.     The  current  of  heated 
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gases  impinging  upon  the  tubes,  causes  the  water  in  the  outer  spaces  to  rise  to  the  top  and  flow 
down  to  the  bottom  of  the  inner  tubes  ;  in  consequence,  a  most  active  circulation  is  kept  up  in 
every  part  of  the  boiler.  , 

From  the  upper  ends  of  the  tubes  a  short  piece  of  welded  gas-pipe  rises.  This  pipe  serves  to 
carry  off  the  steam  to  the  main  steam-pipe.  Between  every  double  row  of  generating  tubes  one 
steam-pipe  is  fixed  horizontally,  and  the  short  tubes  are  bent  over  by  an  easy  curve  and  screwed 
on  to  the  sides  of  these  secondary  steam-pipes.  All  the  secondary  pipes  open  into  one  large  pipe 
running  at  right  angles  to  them.  On  this  is  fixed  the  safety-valve,  and  to  a  flange  at  one  end  the 
steam-pipe  to  the  engine,  or,  where  more  boilers  than  one  are  used,  a  branch  of  that  pipe  is  fixed. 
The  effect  of  this  arrangement  is  that  the  generating  tubes  are  only  secured  at  one  end,  and  can, 
therefore,  expand  or  contract  as  they  like  without  imposing  any  strain  on  any  part  of  the  boiler. 
The  steam-pipes  are  also  free  to  move  as  they  wish,  the  curve  in  the  small  pipes  from  the 
generating  tube  providing  sufficient  elasticity  to  meet  any  demands  which  are  likely  to  be 
made  on  them.  The  cast-iron  bottom  mains  can  expand  and  contract  as  they  please,  and  in  any 
direction. 

The  manner  in  which  the  feed-water  is  introduced  will  be  easily  comprehended.  Each  trans- 
verse main  has  its  own  supply-pipe. 

The  furnace  consists  of  the  fire-chamber  proper,  which  contains  the  grate,  covered  by  a  heavy 
brick-arch.  In  front  of  this  is  the  tube-chamber,  answering  very  much  to  the  hearth  of  a  puddling 
furnace  ;  and  under  this  last  the  flues  are  returned  before  going  to  the  chimney.  It  is  one  of  the 
distinguishing  principles  of  this  boiler,  that  no  joint  of  any  kind  is  exposed  to  the  action  of  the 
fire,  or  heated  products  of  combustion,  while  they  retain  a  temperature  much  above  that  of 
the  steam  within  the  boiler.  In  order  to  carry  out  this  object,  the  tiers  of  vertical  tubes  are  set 
as  follows  : — The  transverse  cast-iron  mains  rest  on  side  walls,  and  a  central  wall  which  establishes 
a  wheel  draught  ;  the  mains  are  fixed  rather  closely  together,  and,  as  soon  as  they  are  put  in  place, 
cast-iron  plates  are  laid  between  them  on  flanges  or  ribs  cast  on  the  sides  of  the  mains  for  the 
purpose  ;  on  these  are  laid  bricks  and  fire-clay  to  such  a  height  as  to  cover  the  junctions  of 
the  tubes  with  the  mains  effectually  ;  the  lower  half  of  the  mains  project  into  the  under-flues  and 
absorb  the  last  dregs  of  heat  from  the  gases  on  their  flight  to  the  chimney.  On  the  upper  ends  of 
the  tubes  wrought  or  cast  iron  plates  are  also  laid,  and  these  are  covered  with  six  or  eight  inches 
of  sand  to  keep  in  the  heat.  By  taking  off  the  sand  and  removing  a  couple  of  plates,  access  may 
always  be  had  to  the  interior  of  the  tube-chamber.  It  will  be  remarked  that  the  whole  tube, 
steam-space  and  all,  being  exposed  to  the  heat,  its  upper  portion  would  be  liable  to  rapid 
destruction.  To  prevent  this  a  provision  apparently  insignificant,  but  really  very  important,  is 
introduced,  in  the  shape  of  certain  screens  of  fire-clay,  which  extend  across  the  tube-chamber  and 
protect  the  upper  portions  of  the  tubes  from  the  impact  of  the  flame. 


954. 
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Fig.  954  is  a  longitudinal  section  of  one  of  Thomas  Dunn's  boilers.  The  lower  portion  of  this 
boiler  is  at  right  angles  to  the  upper  portion,  and  is  contained  in  a  chamber  or  pit  of  fire-brick  ; 
the  products  of  combustion  on  leaving  the  flue  surround  the  lower  part  of  the  boiler,  A,  B,  C,  and 
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escape  to  the  chimney  by  the  flue  B.  In  this  boiler  the  fire-brick  bridge  rests  upon  a  hollow  per- 
forated cast-iron  chamber,  within  which  is  a  sliding  wedge  block  ;  this  block  is  now  shown  open  to 
admit  air  behind  the  bridge,  and  it  can  be  closed  from  the  front  of  the  boiler  by  the  handle  and 
rod  shown  in  the  figure.  The  pipes  for  heating  the  feed-water  are  placed  in  the  flue  ;  and  as 
these  pipes  are  connected  to  the  upper  and  lower  sides  of  the  flue,  there  will  be  a  constant  circu- 
lation in  the  feed-water  pipes. 

Charles  T.  Boardman's  arrangement  for  a  boiler  consists  of  two  cylindrical  boilers  A  A,  Figs.  955, 
956,  placed  side  by  side,  and  one  inclined  tubular  boiler  B,  arranged  below  the  near  portions  of  the 

955.  956. 


cylindrical  boilers,  to  which  it  is  fastened  by  the  water-legs  C  C.  The  object  of  this  arrange- 
ment is  to  provide  for  the  collecting  and  retaining  of  the  sediment  contained  in  the  water  in  the 
coolest  portion  of  the  generating  apparatus.  An  air-duct  b  and  a  mixing-chamber  H  for  the  ad- 
mission of  air  from  the.  ash-pit,  L,  to  mix  with  the  gases  of  combustion,  are  also  peculiar  to  this 
boiler.  D  D  are  walls  for  setting  ;  E,  the  pier  ;  F,  connected  parallel  upright  walls  ;  g,  the  return 
flue  ;  G,  the  fire-place  ;  I,  J,  the  bridge-walls  ;  d  d,  flues. 

Fig.  957  is  a  longitudinal  vertical  section  of  the  Field  boiler.     The  furnace  is  constructed  of 
brickwork  in  the  ordinary  manner,  a  large  flue  or  chamber  being  formed  at  the  back,  into  and 


through  which  the  heated  products  of  combustion  pass  to  the  chimney.  Across  this  flue  or  chamber 
are  placed  a  number  of  inclined  cast-iron  tubes  a,  connected  by  flanged  joints  with  bolts  and  nuts 
at  their  higher  extremities  to  a  longitudinal  cast-iron  tube  b,  constituting  the  main  steam-space. 
A  corresponding  longitudinal  cast-iron  tube,  similarly  connected  to  the  lower  ends  of  the  inclined 
tubes,  and  protected  by  brickwork  from  the  direct  action  of  the  products  of  combustion,  serves  as 
an  equivalent  for  the  water-casing  employed  in  the  ordinary  vertical  Field  boiler,  and  constitutes 
a  receptacle  for  the  collection  and  deposit  of  sediment.  The  under-sides  of  the  inclined  cast-iron 
tubes  have  bosses  cast  upon  them,  as  shown,  and  tapering  holes  are  bored,  into  which  the  wrought- 
iron  Field  tubes,  d,  are  drifted  in  such  manner  that  they  hang  down  into  the  flue.  On  the  upper 
part  of  the  inclined  pipes  are  formed  a  number  of  bosses,  through  which  holes  are  drilled  above 
each  of  the  Field  tubes,  and  rather  larger  in  diameter  than  the  latter,  thus  aftbrding  ready  means 
of  access  not  only  to  them  but  likewise  to  other  parts  of  the  interior  of  the  boiler.  Each  hole  is 
closed  by  a  tapering  plug,  secured  in  its  position  by  two  bolts  and  nuts.  The  radiation  of  heat  is 
prevented  by  iron  plates  resting  on  ledges  above  the  inclined  tubes,  and  covered  with  ashes. 
Cast-iron  plates  arc  placed  across  the  upper  and  lower  parts  of  the  flue,  for  directing  the  course  of 
the  products  of  combustion,  so  that  they  may  impinge  in  the  most  efficient  manner  upon  the  Field 
tubes,  the  circulation  of  the  water  in  Which  is  of  a  very  perfect  character. 

Wright's  diagonal  seam  boiler  is  shown  in  Fig.  958.  It  will  be  observed  that  in  this  boiler  no 
three  corners  meet  ;  this  renders  the  boiler  much  stronger  than  the  ordinary  straight  seam  boiler. 

Figs.  959,  9G1,  show  sections  of  Hawksley,  Wild,  and  Co. 's  Biirgle-flued,  and  Fig.  960  cross- 
section  of  their  doublc-flued  boiler.  The  flue  is  strengthened  by  Hanging  the  smaller  rings  of 
plate;  each  flange  in  this  flue  is  an  expansion-joint,  which  allows  the  separate  rings  to  expand 
and  contract  without  increasing  the  steam  upon  the  ends  or  shell  of  the  boiler.  A,  Fig.  961, 
shows  the  combustion-chamber. 
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Martin  Benson's  high-pressure  boiler  is  shown  in  Figs.  962  to  964.  Fig.  962  is  a  front  elevation, 
showing  the  receiver  and  circulating  pump  ;  Fig.  963  is  a  longitudinal  section  of  the  boiler  ;  and 
Fig.  964  a  transverse  section  at  right  angles  to  Fig.  963. 

The  boiler  is  composed  entirely  of  tubes,  A,  Fig.  963,  arranged  in  a  series  of  horizontal  rows  over 
th/rfire.  B  B  are  doorways  at  the  front  and  back  of  the  boiler,  for  fixing,  disconnecting,  and 
taking  out  the  tubes.  C,  Fig.  962,  is  the  water  and  steam  receiver  ;  D  the  circulating  pump,  which 
draws  its  supply  of  water  from  the  receiver  C,  and  is  worked  by  the  small  donkey-engine  E  above. 
F  is  the  main  supply-pipe  from  the  circulating  pump,  to  which  the  lowest  tubes  of  each  section  of 
the  boiler  are  connected.  G  is  the  main  delivery-pipe,  to  which  the  top  tubes  of  each  section  arc 
joined,  and  into  which  the  water  and  steam  together  are  delivered  from  the  tubes  and  thence 
discharged  into  the  upper  part  of  the  receiver  C. 

The  steam  generated  in  the  tubes  is  driven  up  with  the  water  through  the  tubes  and  dis- 
charged through  the  pipe  G-  into  the  receiver  C,  where  the  steam  and  water  are  separated  ;  and 
the  water  is  then  again  taken  by  the  circulating  pump  and  returned  into  the  tubes.  In  starting 
the  boiler,  the  receiver  is  supplied  with  water  until  its  level  reaches  the  fifth  or  sixth  row  of  tubes 
from  the  bottom,  as  shown  by  .the  dotted  line  ;  as  the  circulating  pump  is  standing  still  at  first, 
in  consequence  of  having  no  steam  to  work  it,  the  slide-valve  is  allowed  to  be  lifted  off  its  face  by 
the  pressure  of  the  water,  and  lets  the  water  flow  past  the  pump  direct  through  into  the  tubes. 
The  fire  is  then  lighted  and  steam  raised  from  the  water  in  the  tubes,  which  starts  the  circulating 
pump  to  work. 
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Benson's  boiler  was  first  introduced  in  the  United  States,  but  the  one  we  have  described  has 
for  many  years  supplied  steam  for  a  60-h.p.  steam-engine  at  James  Eussell  and  Sons  works  at 
Wednesbury. 
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Fig.  965  shows  one  of  Loader  and  Child's  boilers.  The  principal  feature  of  this  boiler  is  the 
introduction  of  a  reservoir  or  steam-chest  in  the  centre  or  heart  of  the  boiler,  which  receives  the 
steam  as  it  is  generated,  thereby  providing  dry,  and,  to  a  con- 
siderable extent,  superheated  steam  ;  and  at  the  same  time  the 
action  of  this  boiler  is  to  throw  a  thin  body  of  water  to  the 
heating- surfaces,  by  which  means  steam  is  rapidly  generated 
by  a  small  quantity  of  concentrated  heat. 

The  boiler,  Fig.  965,  is  the  one  which  Loader  and  Child 
construct  for  small  purposes.  It  has  a  cast-iron  vertical  case, 
with  a  copper  cone  or  shell  ;  the  supply-tank  is  formed  round 
the  case  and  sides,  and  is  heated  by  the  flues  on  the  reverse 
side.  By  this  means  much  of  the  heat  is  utilized.  The  boiler 
shown  in  Fig.  965  is  usually  heated  by  gas  when  not  more  than 
2-horse  power  is  required,  but  this  boiler  is  easily  arranged  so 
that  ordinary  fuel  may  be  employed. 

Locomotive  Boilers. — We  give,  with  some  alterations,  the  fol- 
lowing illustrations  of  locomotive  boilers  from  Zerah  Colburn's 
valuable  work  on  '  Locomotive  Engineering.' 

In  a  locomotive  boiler  the  outside  and  inside  fire-boxes  are 
made,  the  former  of  iron  and  the  latter  of  copper.  The  water- 
space  between  them,  and  which  completely  surrounds  the  inner 
fire-box,  is  closed  at  the  bottom  by  a  square  bar.  This  bar  is 
bent  and  welded  to  the  proper  form,  to  extend  around  the 
bottom  of  the  inside  fire-box,  and  it  is  riveted  and  tightly 
caulked  to  both  fire-boxes.  The  water  in  the  water-spaces  is 
in  free  communication  with  the  rest  of  the  water  in  the  boiler  ; 
and  thus  the  flat  sides  of  the  respective  fire-boxes  are  exposed 
to  the  full  pressure  of  the  steam,  which  tends  to  burst  the  outside  fire-box,  and  to  collapse  the 
inside  fire-box.  These  flat  sides,  by  themselves,  would  be  unable  to  resist  the  strain  upon  them  ; 
but  as  the  strain  upon  the  respective  fire-boxes  is  in  opposite  directions,  and  necessarily  equal 
for  equal  areas  of  surface,  tie-bolts,  or,  as  they  are  called,  stay-bolts,  are  screwed  through  the 
plates  at  frequent  intervals,  so  as  to  connect  the  two  fire-boxes  securely  together,  the  ends  of  the 
stay-bolts  being  also  riveted,  or  spread  out  by  hammering  so  as  still  further  to  increase  their 
holding  power. 

The  flat  top  of  the  inside  fire-box  is  of  course  equally  weak  with  the  sides.  It  could  not  be 
satisfactorily  secured  by  stay-bolts  to  the  roof  of  the  outside  fire-box,  and  it  is  stiffened,  therefore, 
by  a  series  of  iron  bars,  placed  on  edge,  and  of  considerable  depth,  and  which  are  firmly  con- 
nected to  the  roof  or  crown  of  the  inside  fire-box  by  rivets.  The  roof,  therefore,  can  only  be 
crushed  downwards  by  bending  these  bars,  which  arc  of  great  strength,  at  the  same  time.  These 
bars  usually  extend  in  the  direction  of  the  length  of  the  fire-box,  as  shown  in  Fig.  966;  but  they 
may  extend  across  it,  as  shown  in  section  on  the  roof  of  the  inside  fire-box  in  Fig.  967.  These 
atay-bars  bear  on  the  fire-box  only  for  a  short  distance  at  each  end,  iron  rings  or  washers  being 
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interposed  between  them  and  the  roof-plate  at  the  points  where  the  bolts  or  rivets  which  secure 
the  bars  pass  through.  This  permits  the  water  to  circulate  under  the  bars,  and  prevents  the  roof- 
plate  from  being  burnt,  as  it  would  be  if  the  water  were  excluded  from  the  whole  under-surface  of 
the  stay-bars. 


A  horizontal  grate  of  thin  and  deep  bars  is  fitted  across  the  bottom,  forming  the  bottom  of  the 
fire-box  ;  and  a  door  is  made  to  open  into  the  fire-box  from  the  foot-plate.  The  opening  for  the 
door  has  to  be  made  through  the  plates  of  both  fire-boxes  ;  and  in  order  to  keep  the  water-space 
tightly  closed,  a  ring  of  iron,  of  which  the  inner  diameter  corresponds  with  that  of  the  door,  is 
riveted  between  the  outside  and  inside  plates. 

Thin  brass  tubes,  generally  2  in.  in  diameter,  and  from  10  ft.  to  12  ft.  long,  are  employed  to 
conduct  the  hot  gases  from  the  fire-box  to  the  chimney,  the  number  of  tubes  varying,  according 
to  the  size  of  the  engine,  from  100  to  200,  or  more.  The  arrangement  of  these  tubes,  the  upper- 
most row  of  which  is  covered  by  from  6  in.  to  8  in.  of  water,  is  shown  in  all  our  sections  of 
locomotive  boilers.  The  front  plate  of  the  inside  fire-box  and  the  front  plate  of  the  cylindrical 
portion  of  the  boiler  are  accurately  drilled,  to  receive  the  ends  of  the  tubes,  which  pass  through 
the  plates,  and  are  made  steam-tight  within  them  by  means  of  ferrules  of  wrought  or  cast  iron, 
■which  are  driven  into  the  ends  of  the  tubes,  so  as  to  force  them  tightly  into  contact  with  the 
interior  surfaces  of  the  holes  in  the  tube-plates.  Such  is  the  tightness  with  which  the  tube-ends 
are  thus  secured  in  their  plates,  that  not  only  is  there  no  leakage  of  water,  as  long  as  the  joints 
are  kept  in  good  order,  but  the  tubes  serve  as  ties  to  prevent  the  respective  tube-plates  from  being 
forced  outwards,  as  they  otherwise  would  be,  by  the  pressure  of  the  steam.  Through  that  portion 
of  the  boiler  above  the  tubes  a  number  of  tie-bolts  extend  longitudinally  from  the  smoke-box  tube- 
plate  to  the  back-plate  of  the  fire-box,  to  hold  these  plates  together  against  the  pressure  of  steam 
tending  to  force  them  apart. 

The  tubes  lead  into  a  closed  chamber,  formed  upon  the  front  end  of  the  boiler,  and  called  the 
smoke-box.  Although  the  smoke-box  has  a  removable  door  in  front,  this  is  tightly  closed  when 
the  engine  is  ready  for  working,  and  then  there  is  no  inlet  of  air  to  the  smoke-box  except  through 
the  tubes,  and  no  outlet  except  by  the  chimney. 

Before  steam  is  raised,  and  when  the  boiler  is  empty,  it  is  first  filled  with  water  to  the  height 
of  a  few  inches  above  the  fire-box,  by  means  of  a  hose  connected  with  a  cock  placed  on  any  con- 
venient part  of  the  boiler.  In  order  to  know  when  the  water  is  at  the  right  height  there  are  two 
gauge-cocks  fixed  in  the  back-plate  of  the  fire-box,  towards  the  engineman's  foot-plate,  the  one 
cock  a  few  inches  above,  and  the  other  as  much  below  the  proper  level  of  the  water  within  the 
boiler.  These  cocks  have  steam-tight  fittings  connecting  them  with  a  glass  tube,  within  which 
the  water,  having  free  access  from  the  boiler  through  the  lower  cock,  is  free  to  rise  and  fall,  the 
surface  of  the  water  in  the  glass  being  under  the  pressure  of  the  steam,  freely  admitted  from 
the  boiler  through  the  upper  cock.  The  water  within  the  gauge-glass  thus  has  the  same  level  as 
that  in  the  boiler  ;  and  the  engineman  has  only  to  look  at  this  glass  to  see  what  the  height  of  the 
water  is. 

To  prevent  cinders  and  live  coals  from  falling  through  the  fire-grate  upon  the  line,  and  partly 
for  another  reason,  an  ash-pan  is  fixed  beneath  the  fire-box,  and  a  few  inches  off  the  rails. 

It  is  often  important,  when  the  engine  is  standing,  to  prevent  any  access  of  air  to  the  fire-box; 
and  hence  the  ash-pan  is  made  to  fit  tightly  to  the  fire-box  on  all  but  the  front  side.  This  side  is 
opened  or  closed  at  pleasure  by  a  hinged  plate,  called  the  damper,  which  is  adjusted  by  a  rod 
worked  from  the  foot-plate.  When  the  engine  is  running  rapidly,  with  the  damper  open,  a  slight 
advantage  is  also  gained  by  the  rush  of  air  into  the  ash-pan.  At  60  miles  an  hour,  or  88  feet  a 
second,  the  pressure  of  the  air  against  the  moving  surface  would  be  over  1  oz.  a  square  inch,  or 
9  lbs.  a  square  foot.  For  countries  where  much  snow  falls,  it  is  necessary  to  have  a  damper  also 
at  the  hind  end  of  the  ash-pan,  as  otherwise  it  would  soon  become  choked  with  snow  when  there 
was  more  than  a  few  inches  in  depth  of  this  upon  the  ground.  In  going  forward,  the  front 
damper  is  then  closed  and  the  hind  one  opened. 
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The  particulars  we  have  just  given  are  well  illustrated  by  Fig.  966,  which  is  a  section  of  a 
boiler  designed  for  a  goods  locomotive  by  John  Ramsbottom.  Fig.  966  also  shows  the  steam-dome 
and  steam-pipe. 

Fig.  967  indicates  the  type  of  boiler  used  for  passenger  locomotives  by  the  Eogers  Locomotive 
and  Machine  Works,  U.S. 


Fig.  968  represents  the  boiler  designed  by  Joseph  Beattie,  and  used  on  the  London  and  South- 
western Railway,  for  burning  coal  without  smoke.  The  fire-box  is  divided  by  an  inclined  water- 
partition  into  two  compartments,  each  having  its  own  door,  fire-grate,  ash-pan,  and  damper.  The 
principal  fire  is  maintained  in  the  box  nearest  the  foot-plate.    The  gases  rising  from  the  coal  are 
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met  by  a  number  of  fine  streams  of  air  entering  through  the  perforated  door,  and  both  the  gas  and 
air  rise  through  a  grating  of  fire-clay  tiles  into  the  upper  part  of  the  second  fire-box,  on  the  grate 
of  which  coal  is  burnt  only  slowly,  with  a  Blight  and  carefully-regulated  admission  of  air  through 
the  front  damper. 

The  mingling  air  and  gases  are  deflected  downwards  by  a  hanging  water-bridge,  over  a  fire- 
brick arch  and  through  a  scries  of  fire-clay  tubos  into  a  combustion-chamber  4  ft.  6  in.  long,  from 
which  more  than  875  small  boiler-tubes  Lead  into  the  smoke-box. 

The  boiler  shown  in  Fig.  969  was  designed  by  John  Haswell  for  the  Austrian  Stato  Railways. 
It  is  used  in  steep-gradient  locomotives  for  curves  of  275  ft.  radius. 

Fig.  970  shows  the  form  of  boiler  constructed  by  James  Cross  for  passenger  engines  on  the 
St.  Helen's  Railway. 
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Fig.  971  represents  the  boiler  for  a  passenger  locomotive  constructed  by  Robert  Stephenson 
and  Co.  for  the  Stockton  and  Darlington  Railway. 
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Fig.  972  is  the  type  adopted  on  the  South-Eastern  Kail  way  for  coal-burning  coupled  passenger- 
engines. 
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Fig.  973  exhibits  a  boiler  for  a  goods  engine  used  by  John  Wakefield  on  the  Great  Southern 
and  Western  Kailway,  Ireland. 


Of  all  the  boilers  we  have  enumerated,  none  is  superior  to  the  Whittle  boiler. 

See  Condensées.  Coenish  Engines.  Details  of  Engines.  Engines,  varieties  of.  Explo- 
sions :  Boiler.  Fuel.  Geaeing.  Inceustation  of  Boilers.  Joints  :  riveted.  Locomotives.  Maeine 
Engines.  Paeallel  Motions.  Pyeometees.  Slide-Valves.  Stationaey  Engines.  Steam 
and  the  Steam-Engine.    Valves. 

Works  relating  to  Boilers  : — '  Keport  of  the  Committee  of  the  Franklin  Institute  on  the  Strength 
of  Materials  for  Steam-Boilers,'  Philadelphia,  1837.  R.  Armstrong,  '  An  Essay  on  the  Boilers 
of  Steam-Engines,'  8vo,  1839.  T.  Wicksteed,  'On  the  Cornish,  Boulton  and  Watt  Pumping- 
Engines,  and  Cylindrical  and  Waggon -head  Boilers,'  4to,  1841.  T.  Craddock's  '  Chemistry  of  the 
Steam-Engine,'  8vo,  1847.  B.  H.  Bartol,  '  A  Treatise  on  the  Marine  Boilers  of  the  United  States,' 
Philadelphia,'  1851.  Armstrong  and  Bourne,  'The  Modern  Practice  of  Boiler  Engineering,' 
crown  8vo,  1856.  A.  Armengaud,  'Traité  Théorique  et  Pratique  des  Moteurs  à  Vapeur,'  4  vols., 
4to,  Paris,  1861-2.  B.  F.  Isherwood's  'Experimental  Researches  in  Steam  Engineering,'  2  vols.,  4to, 
New  York,  18G3-G5.  F.  A.  Paget,  '  On  the  Wear  and  Tear  of  Steam-Boilers,'  8vo,  1865.  N.  P.  Burgh, 
'  Modern  Marino  Engineering,'  4to,  ]  867.     V.  Pendred,  "  On  974 

Water-Tube  Boilers,"  8vo,  'Trans.  Soc.  of  Engineers,'  1867.     '  

Zerah  Colburn's  '  Locomotive  Engineering,'  imperial  4to,  1869.    I  ) 

W.  J.  M.  Rankine,  '  Manual  of  the  Steam-Engine,  crown  Svo,     i 

1869. 

See  also  papers  by  Dunn,  Colburn,  Russell,  Perkins  and 
Williamson,  Longridge,  Good  fellow,  Spencer,  and  others,  in 
the  'Transactions  of  the  Institute  of  Mechanical  Engineers,' 
and  papers  by  various  authors,  in  the  '  Trans.  Inst.  Naval 
Architects.' 

BOILER-PLATES.  Fe.,  Tôle  h  chaudière,  ¿tole;  Gee., 
Kesselplattcn  ;  Ital.,  Lamiera  da  caldaie. 

See  Beidges.    Riveted  Joints.    Steength  of  Mateeials 

OF    CONSTEUCTION. 

BOLSTERS.  Fe.,  Estampes,  perçoires  ;  Gee.,  Lochscheiben  ; 
Ital.,  Cuscinetto. 
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Bolster. — ín  carpentry,  a  short  piece  of  wood,  Fig.  974,  interposed  horizontally  between  the 
head  of  a  post  and  a  beam  which  it  supports.  It  is  aiso  called  a  corbel-piece,  as  it  shortens  the 
bearing  between  the  posts.  The  chief  use,  however,  of  a  bolster  is  to  prevent  the  head  of  the  post 
crushing  into  the  part  of  the  beam  which  rests  on  it,  when  the  latter  is  heavily  loaded.  Bolsters 
are  generally  used  in  timber  bridges,  masons'  scaffolding,  and  so  on. 

The  term  bolster  has  also  been  applied  to  the  pieces  of  timber  placed  across  the  ribs  of  the 
centering  of  an  arch  to  support  the  voussoirs  ;  but  these  are  more  generally  known  by  the  name 
of  laggings, 

BOLTING  MILL.     Fe.,  Blutoir;   Ger.,  Beutelmühle  ;  Ital.,  Buratto,  Frullone  ;  Span.  Cedazo. 

See  Barn  Machinery. 

BOLTS.    Fr.,  Boulons  ;  Ger.,  Bolzen  ;  Ital.,  Chiodi  a  perno  ;  Span.,  Grillos. 

See  Nuts  and  Bolts. 

BOND.     Fr.,  Appareil,  Assemblage;  Ger.,  Mauerverband;  Ital.,  Legamento  dei  mattoni. 

Bond  is  a  mode  of  connecting  two  or  more  bodies  by  overlapping. 

In  Brickwork  and  Masonry,  it  is  the  mode  by  which  a  number  of  small  pieces  are  combined  to 
form  a  large  mass  so  that  no  joint  in  a  course  shall  occur  over  a  corresponding  joint  in  the  next 
course,  which  is  termed  breaking  joint. 

Bricks  are  usually  in  length  about  twice  their  width,  and  in  thickness  about  one-third  of  the 
length.  For  bonding,  however,  the  latter  dimension  is  not  of  much  importance,  provided  it  is 
uniform  in  all  the  bricks  of  a  course. 

When  a  brick  is  so  placed  in  a  wall  that  its  greatest  dimension  is  at  right  angles  to  the  face,  it 
is  called  a  header,  and  when  parallel  to  the  face  it  is  called  a  stretcher. 

The  methods  of  bonding  brickwork  generally  adopted  in  England,  are  known  as  Old  English 
Bond,  Flemish  Bond,  and,  to  a  limited  extent,  Garden-wall  Bond. 

In  Old  English  Bond,  Fig.  975,  a  course  of  headers  alternates  with  a  course  of  stretchers. 

In  Flemish  Bond,  Fig.  976,  headers  and  stretchers  are  placed  alternately  in  each  course. 

In  Garden-wall  Bond.,  Fig.  977,  one  header  is  placed  at  the  end  of  every  three  stretchers  in 
each  course. 

Of  the  three  methods  of  bonding,  the  Old  English  is  the  strongest,  and  takes  less  time  to 
build  than  Flemish  Bond  ;  the  joints  are  more  uniformly  broken  than  in  the  others,  fewer  bats 
or  broken  bricks  are  required  to  make  the  work  solid,  it  contains  more  headers,  and  consequently 
there  must  be  a  better  tie  between  the  face  and  heart  of  the  wall. 
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Figs.  978,  979,  980,  981,  and  982,  show  sections  of  walls  in  Old  English  Bond,  from  one  to 
three  bricks  in  thickness,  with  mode  of  bonding  the  heart  of  such  walls. 

Flemish  Bond  is  considered  to  have  a  neater  appearance  ;  and  in  cases  where  a  wall  is  faced 
with  bricks  of  a  superior  quality,  a  less  number  is  required  than  in  Old  English  Bond. 

Fig.  983  is  a  course  of  bricks  laid  in  Old  English,  and  Figs.  984  and  985  are  courses  laid  in 
Flemish  Bond  ;  in  the  former  the  bricks  all  fit  close  together,  and  none  of  them  require  to  be 
broken,  or  snapped,  as  it  is  termed,  except  the  closer,  the  reason  for  which  will  be  explained 
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presently.    In  the  latter  the  headers  must  either  be  snapped,  as  in  Fig.  985,  or  the  heart  of  the 
wall  filled  up  with  small  pieces  of  bricks,  as  in  Fig.  984. 
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Garden-wall  Bond  is,  as  the  term  implies,  chiefly  used  in  the  one-brick  walls  so  frequently 
seen  between  the  back-yards  or  gardens  of  town  residences.  The  necessity  of  preserving  a  fair 
face  on  both  sides  of  the  wall  is  the  cause  of  this  bond  being  used,  as,  owing  to  the  difficulty  of 
procuring  bricks  all  of  one  size,  it  is  impossible  to  build  a  wall  one  brick  thick  in  which  both 
of  the  sides  can  be  worked  fair,  in  either  English  or  Flemish  Bond,  particularly  the  former. 
This  is  shown  in  Fig.  986,  which  is  a  course  of  headers  laid  in  English  Bond. 
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Fig.  987  shows  how,  by  the  use  of  Garden-wall  Bond,  this  irregularity  in  the  size  of  the  bricks 
is  rendered  less  apparent. 

One-brick  walls  are  frequently  built  in  Flemish  Bond,  but  one-half  of  the  headers  require  to 
be  snapped,  which  leaves  no  more  cross-tie  than  Garden-wall  Bond,  while  the  longitudinal  tie  is 
not  so  good. 

In  half-brick  walls  stretchers  only  are  used  ;  this  is  called  chimney  bond. 

In  Belgium  and  north  of  Germany  the  system  of  bond  used  is  that  called  Kruisverband, 
Figs.  988  and  989. 
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The  heading  and  stretching  courses  are  as  in  Old  English  Bond,  but  the  alternate  stretching- 
courses  break  joint,  while  the  joints  of  the  corresponding  heading-courses  fall  one  over  the  other  as 
in  Old  English  Bond.  As  more  of  the  joints  arc  broken  than  in  the  other  method  described, 
this  bond  is  considered  to  be  the  strongest  of  any.  It  does  not,  however,  present  so  uniform  an 
appearance  as  the  Flemish  or  Old  English. 

The  French  Corps  du  (ionie  prefer  to  build  the  face  of  their  walls  with  all  headers,  as  in 
Fig.  990;   but  to  obtain  a  tie  between  the  face  and  heart  of 
the  wall,  they  place  alternately  in  each  course  a  half-brick, 
or  bat,  as  shown  in  Fig.  991. 

This  mode  they  assert  has  the  advantage  of  offering 
more  resistance  to  disruption  than  any  other.  The  longi- 
tudinal tic,  however,  is  not  so  complete  as  in  the  English 
and  Belgian  systems,  the  joints  being  about  one-tenth  more 
numerous,  and  the  waste  occasioned  by  cutting  the  bricks  is 
greatly  to  its  disadvantage. 

In  the  heart  of  a  thick  wall  it  is  considered  advantageous  to  lay  occasionally  a  course  of  bricks 
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in  a  direction  inclined  to  the  face,  as  in  Fig.  992.  It  is  known  by  the  name  of  Diagonal  Bond 
and  when  the  direction  of  the  "brick  is  reversed  in  the  next  course  this  system  adds  strength  to  the 
wall  ;  but  it  is  attended  with  the  disadvantage  of  having  to  cut  the  bricks  to  fit  the  back  of  those 
on  the  face. 

From  the  fact  that  bricks  are  made  in  width  equal  to  half  their  length,  it  becomes  necessary, 
in  order  to  break  joint  between  the  bricks  of  two  adjoining  courses,  whether  they  be  laid  as 
headers  or  stretchers,  to  insert  a  quarter-brick  in  one  of  them  at  starting.  This  is  called  a  kin<^- 
closer,  and  is  usually  inserted  in  Old  English  Bond  after  the  first  brick  is  laid  in  the  heading- 
course,  and  in  Flemish  Bond  after  the  first  headers.     They  are  shown  in  Figs.  975  to  977. 

In  the  French,  and  sometimes  in  the  Belgian  methods  of  bonding,  the  same  result  is  obtained 
by  starting  one  of  the  two  adjoining  courses  with  a  stretcher  cut  to  three-quarters  of  the  usual 
length,  called  a  queen-closer. 

The  bond  adopted  in  Ashlar  masonry  is  similar  to  the  bond  used  in  brickwork  ;  closers,  however, 
are  seldom  used  in  masonry,  as  the  stones  in  the  courses  can  be  cut  to  any  length  required  to 
make  a  perfect  bond. 
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In  walls  of  rubble  masonry  from  1  ft.  to  about  3  ft.  thick,  it  is  usual  to  have  at  intervals  of 
from  4  to  6  ft.  a  stone  called  a  thorough,  which  runs  from  the  back  to  the  front,  and  so  binds 
the  wall  together  ;  but  in  thick  walls,  owing  to  the  great  length  of  the  stone  required,  two  stones 
of  as  great  length  as  can  be  procured  are  made  to  lap  in  the  middle  of  the  wall  ;  and  in  very  thick 
walls,  where  stones  cannot  be  found  long  enough  to  lap  in  this  way,  a  third  stone  6,  Fig.  993, 
called  a  tail  or  heart  bond,  is  used  to  connect  the  two  bond-stones  or  binders  in  the  face  of 
the  wall. 

Various  special  modes  of  bonding  have  been  adopted  in  works  of  masonry  where  great  strength 
is  required,  as  in  sea-walls  and  similar  constructions.  That  used  by  Smeaton  in  building  the 
Eddystone  lighthouse  consisted  of  a  system  of  dovetailing  and  dowelling,  for  a  detailed  description 
of  which  the  reader  is  referred  to  his  account  of  this  great  work.     See  Construction.     Masonry. 

Bond-Course. — A  course  or  horizontal  layer  of  some  material  built  at  intervals  into  a  wall  in 
order  to  strengthen  it. 

When  of  brickwork,  and  built  into  rubble-stone  or  flint  walls,  it  is  termed  a  lacing  course. 

In  brick  walls  built  with  ordinary  mortar,  two  or  three  courses  of  bricks  in  cement  are  some- 
times laid  below  the  floor-line  of  the  basement  story  of  dwellings  to  prevent  damp  rising.  In  this 
case  they  would  be  called  a  damp  course. 

Formerly,  courses  of  wood-bond,  called  chain-bond,  were  much  used  in  building  where  there 
were  usually  one  or  more  tiers  to  each  story.  The  size  was  about  8£  in.  wide  by  5|  in.  high,  or 
equal  to  the  space  occupied  by  a  course  of  brickwork  two  bricks  in  height  and  two  in  width. 

These  bond-timbers  went  all  round  the  walls  and  cross-walls,  and  through  openings,  from 
which  they  were  afterwards  cut  out.  They  were  connected  at  the  angles,  and  no  doubt  tended 
much  to  strengthen  the  building  for  a  time  ;  but  sooner  or  later  decay  set  in,  and  the  destruction 
of  the  building  was  the  consequence.  That  and  the  increased  danger  from  the  effects  of  fire  ren« 
dered  chain-bond  objectionable,  which  has  in  later  years  caused  it  to  be  almost  abandoned. 

Common  bond  of  fir,  4 J  in.  wide  by  2?  to  3  in.  thick,  is  now  more  generally  used,  less  as  a 
bonding-course  than  a  means  of  fixing  battens  or  other  finishings  which  are  nailed  against  the 
wall. 

When  common  bond  is  used  solely  for  fixing  battens,  it  is  called  ranging -bond,  and  is  usually 
placed  at  intervals  of  from  18  in.  to  3  ft.,  according  to  the  strength  of  the  battens. 

Though  common  bond  is  open  to  the  objections  urged  against  chain-bond,  but  in  a  lesser 
degree,  its  use  is  preferable  to  plugging  the  walls  where  much  of  the  latter  is  required,  or  even  to 
the  insertion  of  w7ood  bricks,  which  are  only  short  pieces  of  common  bond  about  the  size  of  an 
ordinary  brick.  The  act  of  driving  plugs  shakes  the  wall,  and  destroys  the  adhesion  between 
the  bricks  and  mortar,  and  wood  bricks  shrink  in  time  and  drop  out. 

Banging-bond  should  project  a  little  beyond  the  face  of  the  wall  to  permit  a  free  circulation  of 
air  at  the  back  of  the  battens  or  other  work  which  has  been  fixed  to  it. 

Common  bond  is  usually  described  in  specifications  to  be  put  all  round  each  story  in  one  or 
more  tiers  ;  all  joints  to  be  properly  lapped  at  least  6  in.,  and  the  angles  halved  and  notched  or 
cogged.  No  bond-timber  should  be  permitted  in  an  underground  story,  as  its  decay  would  be 
more  rapid  and  the  danger  to  the  brickwork  resting  upon  it  greater  than  in  the  upper  stories. 

When  walls  require  strengthening  by  the  use  of  bond-courses,  hoop-iron  is  much  to  be  preferred 
to  wood.  By  its  use  Isambart  Brunei,  in  1835,  managed  to  construct  two  half-arches  of  brick- 
work in  lias-lime  mortar,  projecting  40  ft.  from  each  side  of  a  single  pier,  without  any  support  at 
the  other  end. 

Although  only  4£  ft.  wide  on  top,  after  another  20  ft.  in  length  had  been  added  to  one  end,  a 
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counterpoise  of  28}  ions  was  added  to  the  other  ;  yet  it  bore  this  enormous  weight  for  upwards  of 
three  years,  and  probably  would  not  then  have  given  way  if  it  had  not  been  for  a  considerable 
settlement  which  had  taken  place  in  the  foundations.  Cracks  appeared  in  the  work,  and,  the  wet 
getting  in,  it  expanded  during  a  severe  frost,  and  so  caused  the  failure  of  this  wonderful  piece  of 
construction. 

Several  pieces  of  hoop-iron,  1£  in.  wide  and  -^th  of  an  in.  thick,  were  used  ;  also  pieces  of  fir, 
1£  in.  square,  which  did  little  more  than  assist  in  retaining  the  bricks  until  sufficient  adhesion 
had  taken  place  with  the  mortar  to  allow  the  hoop-iron  to  take  effect. 

Hoop-iron  bond  had  also  been  used  by  Brunei  in  the  large  circular  shafts,  50  ft.  in  diameter, 
leading  to  the  Thames  Tunnel,  which  were  built  above  ground,  and  lowered  into  their  places — a 
depth  of  42  ft. — by  excavating  underneath,  an  operation  successfully  performed  without  a  crack 
or  flaw,  which  was  considered  to  be  due  in  a  great  measure  to  the  use  of  the  hoop-iron. 

To  prevent  decay  when  in  contact  with  the  wet  mortar  of  the  walls,  the  hoop-iron  should  be 
well  coated  with  a  mixture  of  tar  and  pitch,  and  afterwards  with  sand.  The  form  in  which  it  was 
most  generally  used  in  building  is  that  known  as  Tyerman's  Patent  Hoop-iron  Bond,  from 
1J  to  2 J  in.  wide,  and  from  No.  6  to 

No.    15    Birmingham    wire-gauge    in  "4- 

thickness.      It   is  prepared   from   the  s\  s\ ■     ■    , 

ordinary  hoop-iron  by  notching  it  at  ^ 

intervals  of  12  in.  on  both  sides  al- 
ternately, Fig.  994,  and  turning  in 
succession,  in  contrary  directions, 
triangular  piece,  so  as  to  form  claws,  which  catch  in  the  brickwork  and  effectually  prevent  its 
being  drawn  out  by  any  force  short  of  tearing  the  iron  asunder.  In  modern  practice,  however, 
the  notching  has  been  considered  unnecessary.  i 

Tiers  of  two  or  more  strips,  according  to  the  thickness  of  the  wall,  laid  at  every  3  ft.  in  height, 
have  been  considered  sufficient  in  most  cases.  The  mode  of  laying  each  tier  is  to  place  a  strip  on 
every  half-brick  in  the  thickness  of  the  wall,  continued  over  the  whole  length  of  the  work,  regard- 
less of  openings,  as  in  wood-bond.  Afterwards  the  parts  across  the  openings  are  cut  so  as  to  leave 
a  short  piece  protruding,  which  should  be  turned  down  against  the  face  of  the  jamb.  At  all  junc- 
tions it  should  be  lapped,  and  the  pieces  carefully  hooked  to  each  other. 

In  footings  or  in  thick  walls  exposed  to  great  strains,  strips  of  hoop-iron  should  be  laid  diagon- 
ally, interlacing  with  those  laid  in  a  longitudinal  direction. 

Bonding-courses  of  dressed  stone  have  been  used  with  advantage  ;  they  should  be  cramped 
together  at  each  joint. 

The  ancient  Eomans  used  a  large  flat  tile,  about  2  ft.  long  by  18  in.  wide,  laid  at  intervals  of 
about  4  ft.  in  height.  Bonding-courses  of  this  description,  however,  are  more  applicable  to  rubble 
masonry  than  to  block-stone  or  brickwork. 

Bonding-bricks  are  bricks  of  greater  length  than  those  of  which  the  wall  is  built.  They  are 
used  in  hollow  walls  to  tie  the  two  faces  together.  Their  length  should  be  as  much  longer  than 
the  ordinary  brick  as  the  space  over  which  they  bond. 

Some  very  effective  bonding-bricks  have  been  introduced 
by  a  London  manufacturer,  the  ends  of  which  are  of  a  dovetail 
shape,  Fig.  995  ;   and,  where  the  precaution  is  taken  to  cut  th 
adjoining  bricks  to  fit,  nothing  can  be  more  effective. 

These  bricks  are  usually  made  non-absorbent,  by  being 
glazed,  so  that  damp  cannot  be  conveyed  by  them  from  the 
outer  to  the  inner  skin  of  the  wall. 

When  ordinary  bricks  are  used  in  this  way  for  bonding, 
they  should  be  dipped  in  boiling  pitch,  or  tar,  to  prevent  the'damp  passing  from  wall  to  wall. 

BOND-COUBSE.     Fr.,  Chaîne;  Ger.,  Band;  Ital.,  Catena. 

See  Bond. 

BOND-TIMBER.     Fr.,  Pièce  d'assemblage  ;  Ger.,  Binde  Hölzer  ;  Ital.,  Catena. 

See  Bond-Course. 

BONE-MILL.     Fr.,  Moulin  a  os  ;  Ger.,  Knochenmühle  ;  Ital.,  Frantoio  delle  ossa. 

The  mill  invented  by  E.  P.  Baugh  for  grinding  bones,  ores,  and  other  hard  substances,  is  shown 
in  Figs.  99G  to  1001.  Baugh's  improvements  refer  to  that  class  of  cast-iron  grinding  mills,  the 
cutting  and  triturating  surfaces  of  which  are  made  in  the  form  of  a  frustum  of  a  cone.  The  ■•shell 
and  burr  are  constructed  of  a  number  of  cast-iron  grinding  sections,  fitted  and  held  together  in  a 
peculiar  manner  (which  will  be  described  presently),  so  that  the  sections  can  be  readily  removed 
to  make  way  for  others  ;  the  dress  of  the  mill  being  thus  rendered  changeable  to  suit  the  substances 
to  be  ground;  while  the  mill  itself  is  more  economical,  both  as  regards  its  original  construction  and 
its  lasting  properties,  and  the  variety  of  substances  which  it  may  be  arranged  to  grind,  than  mills 
of  the  ordinary  construction.  The  grinding  seel  ions  of  the  shell  are  backed  by  an  exterior  casing, 
between  which  and  the  base,  to  which  the  casing  is  secured,  arc  confined  the  sections,  so  that  the 
latter  can  be  readily  disconnected  from  the  mill.  The  several  sections  of  the  burr  are  secured  to 
a  block  between  a  lip  or  ring,  or  other  projection,  at  or  near  the  lower  edge  of  the  latter,  and  a 
ring  fitted  to  the  vertical  shaft,  which  carries  the  burr  so  that  the  sections  can  be  readily  detached. 
The  ring,  which  aids  in  securing  the  grinding  sections  of  the  burr,  has  grinding  teeth  formed 
thereon,  and  a  breaker  or  stirrer  is  fitted  to  and  turns  with  the  vertical  shaft  of  the  mill  ;  provisitm 
being  made  for  rendering  it  easily  detachable  therefrom,  so  that  different  forms  of  breakers  may 
be  applied  to  the  mill.  Certain  detachable  sections  are  used,  acting  in  conjunction  with  the 
breaker  for  preliminary  grinding;  these  sections  being  fitted  to  and  backed  by  a  casing,  and  held 
in  position  by  a  cap-plate  secured  to  the  same,  and  carrying  the  bearing  for  the  vertical  shaft 
which  carries  the  burr.     The  vertical  shaft,  with  its  burr  and  other  appendages,  are  supported  on 
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a  sliding  step  controlled  by  a  lever  and  an  adjustable  weight,  which  tends  to  elevate  the  burr,  but 
is  limited  in  this  tendency  by  a  screw  or  other  adjustable  stop,  the  burr  by  this  arrangement  being 
maintained  in  the  desired  proximity  to  the  shell,  but  being  prevented  from  coming  m  contact 
therewith  and  injuring  the  grinding  surfaces  ;  the  burr,  at  the  same  time,  being  at  liberty  to  yield, 
should  a  piece  of  iron  or  other  refractory  material  find  its  way  between  the  grinding  surfaces.  In 
order  to  reduce  friction  and  facilitate  lubrication,  a  double  cone  of  steel  is  interposed  between  the 
bottom  of  the  vertical  shaft  and  the  bottom  of  the  step  in  which  the  shaft  turns. 

Fig.  996  is  a  half  section  and  elevation  of  the  improved  mill  ;  Fig.  997  is  a  sectional  plan  of 
the  upper  portion  of  the  mill  ;  Fig.  998  is  a  similar  view  of  the  lower  portion  ;  and  Figs.  999 
to  1001  are  details,  which  will  be  referred  to  hereafter.  A  is  the  base-plate  of  the  mill,  secured 
to  a  foundation  B,  and  on  this  plate  are  fitted  suitable  bearings  a  a  for  the  horizontal  shaft  c, 
the  latter  being  furnished  at  one  end  with  a  fly-wheel,  and  between  the  bearings  a  a  are  fast  and 
loose  pulleys  bb'.  At  the  opposite  end  there  is  a  bevelled  pinion  F,  gearing  into  a  bevel-wheel 
G,  which  is  so  secured  to  a  vertical  shaft  H,  that  both  must  turn  together,  while  the  shaft  is  at 
liberty  to  slide  up  and  down  through  the  boss  of  the  wheel.  This  shaft  has  its  lower  bearing  in 
a  step  I,  shown  on  a  larger  scale  at  Fig.  1001,  in  a  casing  V,  and  which  is  secured  to  the  base- 
plate A,  as  are  also  four  columns  J  J,  which  support  the  lower  plate  K  of  the  mill  and  its 
superstructure. 
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To  the  vertical  shaft  H  is  secured  the  burr  of  the  mill,  which  consists  of  the  block  L,  of  cast 
iron,  and  the  detachable  cast-iron  grinding  sections  e,  the  block  being  of  the  form,  or  approxima- 
ting to  the  form,  of  the  frustum  of  a  cone,  the  sections  conforming  in  shape  to  that  of  the  block, 
and  being  secured  thereto  in  the  following  manner  :—  Bound  the  lower  edge  of  the  block  there  is 
a  ring/,  and  against  the  inside  of  the  upper  projecting  portion  of  this  ring  bear  the  lower  ends  of 
the  detachable  cast  iron  sections  e,  the  latter  having  attheir  upper  ends  lips  or  flanges  bearing  on  the 
top  of  the  block,  and  confined  thereto  by  set  screws  or  bolts  h.  The  form  of  each  section  is  such, 
that  one  section  will  fit  accurately  against  the  adjacent  section,  the  whole  of  the  sections  thus 
forming  a  continuous  grinding  surface. 
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The  shell  of  the  mill  also  consists  of  a  number  of  cast-iron  grinding  sections  »,  fitted  together 
edge  to  edge,  and  backed  by  an  outer  casing  M,  of  the  form,  or  approximating  to  the  form,  of  a 
frustum  of  a  cone,  to  which  casing  the  sections  are  fitted,  and  by  which  they  are  held  in  place,  the 
lower  ends  of  the  sections  being  confined  between  the  flange  j  of.  the  casing  M,  and  the  flange  k 
of  the  cast-iron  ring  N,  by  bolts  m,  which  secure  together  the  casing  and  the  ring,  the  latter 
being  confined  to  the  plate  K  by  bolts  n.  In  the  present  instance  the  case  M  is  carried  upwards 
in  the  form  of  an  inverted  frustum  of  a  cone,  and  is  lined  with  detachable  cast-iron  sections  p, 
which  are  held  in  place  by  the  cap-plate  P,  secured  to  the  top  of  the  casing  M',  this  plate  having 
openings  s  s,  and  a  central  boss  q,  through  which  the  shaft  H  passes,  and  in  which  it  turns. 

A  stationary  nut  Q,  connected  to  the  boss  of  the  cap-plate  P,  receives  a  screw  R,  the  upper 
end  of  which  is  provided  with  a  hand-wheel  S.  It  will  be  seen  that  the  shaft  H  has  a  feather  t, 
adapted  to  a  groove  in  the  block  L  of  the  burr,  and  to  a  similar  groove  in  the  ring  g  of  Fig.  1000, 
above  which  a  sleeve  T  is  fitted  to  and  turns  with  the  shaft,  as  it  has  a  groove  to  receive  the 
feather.  To  the  sleeve  is  fitted  what  may  be  termed  the  breaker,  Fig.  999,  which  consists  of  a 
boss  U,  having  one  or  more  projections  w,  the  sleeve  having  grooves  adapted  to  keys  or  feathers 
in  the  boss  of  the  breaker,  Fig.  997.  Both  the  breaker  U  and  the  sleeve  T,  as  well  as  the  ring 
g  and  the  burr,  are  confined  by  a  nut  v  adapted  to  screw  threads  on  the  vertical  shaft  H. 

The  foot-step  bearing  I,  previously  alluded  to,  consists  of  a  cast-iron  box,  arranged  to  slide  in 
the  cylindrical  casing  V  secured  to  the  base-plate  A,  and  is  furnished  with  a  steel  bush  u?,  in  which 
turns  the  lower  end  x  of  the  vertical  shaft  H.  Between  the  bottom  of  the  shaft  and  the  bottom 
of  the  bush  intervenes  a  double  cone  x\  of  hardened  steel,  made  somewhat  less  in  diameter  than 
the  shaft,  as  shown  clearly  in  Fig.  1001. 

A  lever  W,  passing  through  a  slot  in  the  casing  V,  is  hinged  at  one  end  to  a  pin  on  a  stud  y, 
secured  to  the  casing,  and  bears  against  the  under-side  of  the  step  I,  the  lever  being  connected  at 
its  opposite  end  by  a  link  X  to  a  lever  X',  which  is  arranged  for  receiving  a  movable  weight,  and 
is  hinged  to  a  bracket  Y,  secured  to  the  plate  K  ;  a  set  screw,  2,  adapted  to  a  nut  on  a  stand,  3, 
secured  to  the  base-plate  A,  serving  to  limit  the  upward  movement  of  the  lever  X'. 

Prior  to  setting  the  mill  in  motion,  the  lever  X'  is  so  weighted  as  to  more  than  balance  the 
vertical  shaft  H  with  its  burr  and  breaker,  so  that  the  said  shaft  may  have  an  upward  tendency, 
which,  however,  is  limited  by  the  set  screw,  2,  the  latter  determining  the  distance  apart  of  the 
grinding  surfaces  of  the  shell  and  burr.  By  this  arrangement  the  grinding  surfaces  are  maintained 
in  sufficient  proximity  to  each  other  to  act  properly  on  the  material  to  be  ground,  but  will  not 
come  in  contact  with  each  other  ;  at  the  same  time,  should  a  piece  of  iron  or  steel  find  its  way 
between  the  grinding  surfaces,  the  burr  and  shaft  will  yield  and  prevent  injury  to  the  mill. 

The  shaft  H  and  its  burr  and  breaker  having  been  caused  to  revolve  in  the  direction  of  the 
arrow,  the  bones,  quartz,  or  other  material  to  be  ground,  are  passed  through  the  openings  s  s  in 
the  cap-plate  P,  to  the  conical  space  bounded  by  the  detachable  sections  p.  Here,  by  the  combined 
action  of  the  teeth  or  dress  on  these  sections,  and  the  revolving  breaker  U,  the  material  is  fractured 
and  reduced  to  comparatively  small  fragments  when  it  has  reached  the  ring  g  ;  by  the  combined 
action  of  the  teeth  on  the  periphery  of  which  ring,  and  those  near  the  lower  portions  of  the  sections 
p,  the  material  is  reduced  to  a  condition  which  permits  it  to  enter  the  space  between  the  grinding 
sections  e  of  the  burr  and  those  of  the  shell.  As  this  space  becomes  gradually  narrower  towards 
the  lower  end  of  the  shell  and  burr,  the  material  becomes  gradually  reduced,  and  finally  leaves  the 
grinding  surfaces  in  the  desired  pulverized  condition,  and  falls  into  the  space  within  the  ring  N 
on  to  the  slightly  concave  surface  of  the  plate  K,  where  it  is  acted  on  by  the  revolving  sweep,  4, 
the  latter  causing  the  discharge  of  the  ground  material  through  a  spout,  5,  into  any  suitable 
receptacle. 

By  making  the  grinding  surfaces  in  sections,  not  only  can  both  shell  and  burr  be  made  truly 
round,  but  the  teeth  can  be  made  of  the  most  irregular  character;  for  instance,  the  teeth  or  dress 
can  be  formed  by  grooves  crossing  each  other,  or  some  of  the  grooves  may  be  straight,  some  curved, 
others  diagonal,  according  to  the  nature  of  the  material  to  be  operated  on.  An  indefinite  number 
of  changes  may  be  made  in  the  character  of  the  dress  when  this  mode  of  constructing  the  grinding 
surfaces  of  conical  mills  is  employed,  an  important  advantage,  as  the  dress  must  be  made  to  suit 
different  materials,  and  in  many  cases  different  qualities  of  the  same  material  to  be  ground  ;  a 
dress  for  grinding  bones,  for  instance,  would  be  unsuitable  in  some  respects  for  grinding  quartz  ; 
and  in  operating  on  other  substances  it  may  be  advisable  for  the  dress  of  one  section  to  differ  from 
that  of  another  in  the  same  mill.  It  will  thus  be  seen  that  the  character  of  the  mill  may  be 
entirely  changed  by  a  simple  and  speedy  change  of  sections,  and  that  when  the  teeth  of  one  or 
more  sections  have  become  worn,  broken,  or  otherwise  inoperative,  their  removal,  and  the  introduc- 
tion of  new  sections,  renews  the  mill,  whereas  an  ordinary  cast-iron  mill  would,  under  similar 
circumstances,  have  to  be  discarded. 

In  removing  the  grinding  sections,  the  screw  R  plays  an  important  part;  for  should  it  be 
desired  to  remove  the  sections  i  of  the  shell  and  the  sections  e  of  the  burr,  all  that  is  necessary 
is  to  first  detach  the  nuts  of  the  bolts  m,  loosen  the  nuts  of  the  bolts  n,  and  the  nut  v,  and  then 
operate  the  wheel  S,  so  as  to  cause  the  end  of  the  screw  R  to  bear  on  the  top  of  the  vertical 
shaft  H,  and  continue  to  turn  the  screw  until  the  entire  shell  of  the  mill  is  elevated  so  far  as  to 
permit  the  withdrawal  of  the  sections  of  the  burr  and  shell  and  the  introduction  of  others,  after 
which  the  shell  is  lowered  by  turning  the  screw  in  a  contrary  direction,  the  nuts  of  the  bolts  m 
replaced,  and  the  nuts  of  the  bolts  n,  as  well  as  the  nuts  v,  tightened. 

Should  it  be  necessnry  to  remove  the  sections  p  only,  the  nuts  are  detached  from  the  bolts 
which  confine  the  cap-plate  P,  and  the  latter  is  elevated  above  the  mill  by  operating  the  screw  R 
when  the  sections  are  at  liberty.  After  elevating  the  cap-plate  clear  of  the  shaft,  the  nut  v, 
breaker  u,  and  ring  g,  may  be  readily  removed. 

It  has  been  found,  after  repeated  experiments,  that  the  double  cone  x'  performs  most  efficiently 
the  duty  of  distributing  to  the  lower  bearing  the  oil  contained  in  the  space  between  the  bottom  of 
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the  shaft  and  the  bottom  of  the  step  I,  at  the  same  time  preventing  undue  friction  at  the  nmVf 
subjected  to  the  greatest  shocks  and  strains.     This  mode  of  interposing  the  double  poti p  w?™ 


vertical  shafts,  to  the  pivots  of  swing-bridges  and  turn-tables,  and  other  objects  havino-  a  vertical 
bearing  to  which  great  strains  are  subjected.  °      vcll,10tl1 


Por  grinding  some  materials  it  is  not  essential  that  there  should  be  a  superstructure  H'  and 
detachable  sections  Ä  or  a  breaker  above  the  shell  M,  a  simple  hopper  being  in  many  case's  all 
that  is  necessary  to  receive  the  material  and  direct  it  to  the  grinding  surfaces  ■  the  latter  too 
may  (for  grinding  some  materials)  be  straight  instead  of  curved.     It  is  preferable  in  most  cases' 
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however,  to  form  teeth  on  the  periphery  of  the  ring  g,  as  shown  at  Fig.  1000,  so  that  it  may  serve" 
the  twofold  purpose  of  aiding  m  the  preliminary  or  first  grinding,  and  of  keeping  the  sections  e 
ot  the  burr  m  place.  The  lips  of  these  sections  e  may,  moreover,  be  dispensed  with  the  rine  a 
bearing  directly  on  the  upper  edges  of  these  sections.  The  casing  M,  too,  may  be  made  in  sections 
or  the  grinding  sections  may  be  backed  or  held  together  by  a  suitable  system  of  metal  bands  See 
Agricultural  Implements,  p.  12,  Fig.  27. 

BOOT-MAKING  MACHINEE  Y.     Fr.,  Machines  a  faire  les  bottes;  Ger.,  Maschine  zur  Anfer- 
tigung der  Stiefel.  J 

The  introduction  of  the  sewing  machine  greatly  facilitated  the  operations  of  boot  and  shoo 
manufacturers,  and  other  workers  of  leather.  The  principal  leather-sewing  machines  will  bo 
found  in  our  article  on  Sewing  Machines.  But  other 
boot  and  shoe  making  machines  and  tools  are  also 
employed  to  economize  labour  in  this  important 
branch  of  industry,  the  most  useful  and  important 
of  which  are  introduced  under  the  present  head. 

Fig.  1002  represents  Gimson's  machine  for  paring 
the  edges  of  heels  and  soles  of  boots  and  shoes.  This 
machine  consists  of  two  standards  A  with  a  stretcher 
B,  a  driving-shaft  D  which  gives  motion  to  a 
spindle  e  driven  with  high  velocity  ;  on  this  spindle, 
discs  or  circular  cutters  E  are  fixed;  the  boot  or 
shoe  is  held  against  the  cutter,  the  uppers  being 
protected  by  a  loose  guard  which  runs  in  between 
the  upper  and  the  sole.  These  machines  are  easily 
worked;  a  man  can  pare  at  one  of  them  twenty- 
four  dozen  pairs  a  day;  they  are  fitted  with  an 
additional  counter-shaft  for  gaining  speed,  so  that 
these  machines  may  be  worked  from  a  shaft  of  ordi- 
nary speed. 

A  primary  operation  in  boot-making  is  that  of 
cutting  leather  into  strips  for  soles  and  heels.  Jean 
Pierre  Mollière's  machine  for  effecting  this  is  shown 
in  Figs.  1003  to  1005.  The  leather  being  placed 
upon  a  table  A,  it  is  slipped  under  the  frame  :  the 
traveller  K  being  one  of  the  extremities  of  the 
apparatus  does  not  hinder  this  being  done.  To  cut  the  edge  of  the  leather  straight,  the  leather 
is  kept  in  position  by  means  of  a  ruler  M,  which  is  a  piece  of  iron  with  a  longitudinal  groove 
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in  it,  in  which  the  curved  knife-blade  or  chisel  O  works  when  the  ruler  is  down  ;  and  at  each 
end  of  the  groove  is  provided  an  opening  into  which  the  traveller  K  can  pass.    The    ruler   is 


48G 


BOOT-MAKING  MACHINEEY. 


1007. 


governed  by  two  'spring-rods  N  buried  in  the  thickness  of  the  table,  and  whose  springs  always  tend 
to  keep  it  raised  :  these  rods  are  connected  under  the  table  by  a  yoke  P  attached  to  a  treadle 
not  shown  in  the  figures. 

When  the  leather  is  pushed  under  the  rule,  the  treadle  is  depressed,  thus  pressing  down  the 
rule  and  keeping  the  leather  firmly  in  its  place.  The  handle  E  is  then  moved,  throwing  the 
parts  for  moving  the  chain  into  gear,  and  thus  setting  K  in  motion  and  cutting  the  leather. 
Arrived  at  the  end,  the  traveller  encounters  one  of  the  fingers  S  attached  by  levers  T  to  a  rod  Q, 
forces  it  forward,  and  throws  the  chain  out  of  gear,  thereby  arresting  the  traveller.  The  traveller 
is  then  let  up,  which  will  allow  the  springs  N  to  throw  up  the  ruler  M,  so  as  to  let  the  leather 
pass,  which  is  then  cut  straight. 
The  workman  pulls  the  leather 
towards  him  until  its  smooth 
edge  comes  up  to  the  two  pins 
3,  and  then  the  operation  just 
described  is  repeated. 

In  preparing  leather  for 
uppers  upon  C.  Eice  and  S.  H. 
Whorf 's  plan,  Figs.  1006  to  1008, 
the  skin  is  first  introduced  be- 
tween the  feed-rollers  A,  B,  of 
the  splitting  mechanism,  and  by 
them  is  forced  against  the  knife 
C  ;  the  upper  portion  of  the  skin 
split  by  the  knife  C  passes  towards  and  between  the  draught-rollers  D,  E,"  which  move  it  forward 
between  the  roller  F  and  a  rasper  G,  which,  latter  roughens  the  under-surface  of  it.  From  the 
rasper  the  leather  moves  over  a  guide-bar  W,  between  the  pressure-roller  I  and  the  perforating- 
roller  H  ;  and  finally  it  passes  between  the  roller,  and  a  brush  K,  which  latter  revolves  through  a 
vessel  L  containing  cement,  and  applies  the  cement  to  the  roughened  surface. 

A  machine  for  cutting  out  boot  and  shoe  soles,  invented  by  J.  W.  Hatch  and  Henry  Churchill, 
is  illustrated  by  Figs.  1009,  1010.  A  is  a  shaft  carrying  at  its  lower  end  a  shoe  B,  to  which  a 
punch  C  is  secured  ;  shaft  A  is  provided  with  journals  which  fit  in  boxes  secured  to  the  front  of 
a  slide  P,  which,  fitting  in  vertical  guides  in  the  framing  of  the  machine,  receives  a  vertical  reci- 
procating motion  from  an  eccentric  pin  p,  Fig.  1010,  on  the  end  of  a  driving-shaft  Q. 

When  shaft  A  reaches  its  highest  position,  a  spur-wheel  E  comes  to  gear  with  a  toothed 
segment  F'  on  the  front  of  a  lever  F  ;  lever  F  has  its  fulcrum  in  a  vertical  pin  a,  and,  at  the  time 
the  shaft  A  is  at  its  highest  position,  a  cam  I  strikes  the  rear  end  of  the  lever  F  and  moves  it  round 
its  fulcrum  a  a  sufficient  distance  to  cause  a  spur-wheel  E  with  its  shaft  A  to  describe  half  a  revo- 
lution. 

When  the  shaft  A  is  about  reaching  its  highest  position,  the  square  part  of  it,  6,  rises  above 
the  guide  J,  and  the  round  part  of  the  shaft  d  comes  in  contact  with  the  guide,  thus  permitting 
the  shaft  to  describe  its  half  revolution. 

The  boot-form  introduced  by  Chilcott  and  Snell,  Figs.  1011  to  1013,  has  a  clamp  E,  which  con- 
sists of  a  strip  of  sufficient  length  to  reach  from  the  nick  at  /  to  the  top  of  the  front-piece  A.  This 
clamp  E  is  prevented  from  being  pulled  out  laterally  by  entering  a  recess  g  in  the  nick,  and  is 
secured  at  top  by  a  latch  h  catching  a  pin  i  on  the  top  of  clamp  E.  The  inside  of  the  strip  is  fur- 
rowed from  end  to  end,  and  the  recess  in  which  it  is  received  is  correspondingly  furrowed  to  hold 
the  material  securely.  The  clamps  I,  I,  fitting  to  the  outside  of  the  front-piece  and  partly  over 
the  clamp  E,  are  attached  to  screws  K  K,  which  fit  in  female  screws  in  the  rod  L.  This  rod  L  is 
fastened  at  its  lower  end  to  the  bottom  part  of  the  front-piece.  Its  upper  end  is  attached  to  the 
front-piece  by  a  plate  P  in  the  manner  shown  in  the  figures.  The  plate  P  is  fastened  to  the  front- 
piece  by  a  screw  N,  which  can  be  taken  out;  pins  j j  serve  to  hold  the  clamps  I,  I,  in  position. 

Figs.  1014,  1015,  refer  to  J.  and  E.  Arthur's  machine  for  cutting  uppers  and  soles  from  sheets 
of  india-rubber.  The  endless  apron  B,  which  has  an  intermittent  motion,  receives  the  sheet  of 
india-rubber  a  ;  the  cloth  J  between  the  rubber  and  apron  being  properly  wetted  by  its  passage 
through  a  water-trough  F.  Two  endless  chains  K  carry  the  die-frames  d  with  the  heated  dies/. 
The  die-frames  are  pivoted  to  the  chains  at  g,  and  are  carried  by  the  chains  through  the  stove  M 
and  over  the  roller  D.  When  over  the  roller  D,  the  sides  of  the  die-frames  come  under  stationary 
plates  A,  and  arc  in  their  onward  motion  firmly  pressed  upon  the  india-rubber,  which  is  thereby 
drawn  over  the  roller  D  at  the  same  speed  with  the  dies.  The  dies  cut,  or  rather  melt,  through 
the  rubber  taking  out  pieces  according  to  the  shape  of  the  dies.  The  pieces  are  conducted  to  the 
apron  G  by  means  of  thin  fingers  (twenty)  secured  to  a  swinging  frame  r,  whilst  the  waste  still 
remaining  attached  to  the  piece  a  passes  over  rollers  I  and  m,  and  between  m  and  n,  on  to  the 
apron  o.  As  soon  as  the  die-frame,  after  having  performed  the  cutting,  comes  round  the  chain- 
roller  b,  the  extensions  v  of  the  frame  will  strike  and  pass  under  the  pin  u\  which  throws  up  the 
front  part  of  the  die-frame  so  as  to  make  room  for  the  die-frame  which  passes  below. 

In  Mollière's  machine  for  cutting  uppers,  Fig.  1016,  G  is  the  piston  of  the  steam-cylinder 
operating  the  bed  I.  The  skins  arcs  laid  upon  the  bed  I,  and  the  cutters,  consisting  of  pieces  of 
bent  steel,  placed  upon  the  skins,  and  then  steam-power  applied  to  lift  and  press  the  table, 
skins,  and  cutters,  against  the  head-block  C,  so  as  to  cut  pieces  corresponding  to  the  shape  of  the 
cutters. 

With  Mollière's  machine  for  rasping  and  dressing  heels  and  soles,  Fig.  1017,  the  operator 
applies  the  bottom  of  the  sole  first  to  the  tool  T,  for  the  purpose  of  having  the  rough  parts  of  the 
leather  and  the  jags  of  the  nails  taken  off;  the  sole  is  then  applied  to  the  tool/,  and  the  heel  to 
a  tool  v,  to  finish  the  dressing.  During  the  whole  of  the  operation  the  tools  are  kept  turning 
very  rapidly. 
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Figs.  1018  to  1023  refer  to  Mollière's  machine  for  cutting  out,  punching,  and  stamping  soles. 
The  cutting  out,  pricking,  and  stamping,  or  numbering  of  the  size  of  the  shoe,  is  done  at  one 
blow,  by  means  of  punchers  a,  of  the  shape  of  the  sole  and  heel,  provided  with  prickers  c?,  and 
stamps  e  and  P.  mm  and  o  are  the  detaching-rods,  the  rods  m  working  through  holes  h  in  the 
punching-frames  ;  the  punches  are  operated  by  eccentrics  upon  shaft  L,  which  eccentrics  are 
so  set  that  the  punches  will,  one  after  the  other,  arrive  at  their  lowest  or  punching  position,  so  as 
to  distribute  more  equally  power  and  resistance.  When  the  punchers  pass  upward,  the  pieces  of 
leather  encounter  the  rods  m,  which  are  stationary,  and  are  detached  by  them  from  the  punches. 
The  rod  Q  serves  as  stamp,  and  also  as  detaching-rod  for  the  heel-pieces.  The  workman  holds 
the  strip,  and  puts  it  under  the  puncher;  but,  as  this  must  be  done  with  great  rapidity,  the 
leather  finds  itself  guided  and  stopped  in  such  a  way  that  it  can  be  instantly  moved  into  its  place. 
The  guides  to  effect  this  consist  of  two  pieces  r,  forming  the  sides  of  a  square — one  of  which  is 
graduated,  and  has  on  it  the  numbers  of  the  sizes.  As  the  puncher  is  always  in  the  centre,  these 
guides  must  be  governed  by  a  single  movement  in  their  approach  to  and  retreat  from  it.  This  is 
done  by  the  following  mechanism  : — Two  pieces  S  slide  on  a  guide-bed,  and  have  an  oblique 
groove,  in  which  plays  a  pin  fixed  to  the  guides  r  ;  these  two  pieces  S  are  connected  by  the  cross- 
tie  t,  and  controlled  by  the  screw  w,  which,  being  attached  to  a  bracket,  causes  the  traverse  t  of 
the  pieces  S  to  move  forward  or  backward,  so  that  the  pieces  S,  by  their  oblique  grooves,  push 
forward  the  guides.  The  stopping-piece  x  is  supported  upon  a  small  axis  v  ;  it  is  kept  down  upon 
the  leather  on  the  flat  by  the  counter-weight  y  attached  to  the  axis,  while  the  puncher  is  cutting  ; 
a  spring-catch  hitches  under  the  piece  z,  and  lifts  up  the  stopper  as  fast  as  the  puncher  rises, 
which  leaves  time  enough  to  remove  the  leather  that  has  been  cut  ;  when  it  gets  up  as  far  as  it 
can,  the  piece  z,  which  has  described  the  arc  of  a  circle,  lets  the  catch  go  ;  and,  being  drawn  down 
by  the  counter-weight  y,  the  stopper  falls  back  to  its  place. 


1019. 


1C22. 


Horace  Wing's  wrinkling  or  crimping  machine.  Fig.  1024,  consists  of  a  frame  B,  upon  which  is 
arranged  a  crimping-plate  F,  so  constructed  as  to  leave  its  front  end  unobstructed.  It  is  pivoted 
at  the  inner  end  to  a  fulcrum-bolt  II,  and  operated  by  means  of  a  gear-segment  L,  attached  to 
a  lever  L',  engaging  with  a  corresponding  gear-segment  I  on  the  outer  end  of  the  lower  limb  M. 

Figs.  1025  to  1027  represent  Warren  Holden's  boot  and  shoe  stretcher.  If  one  side  of  the  boot 
is  to  be  stretched,  a  knob  n  is  attached  to  one  of  the  parts  c,  and  the  corresponding  side  of  the 
boot  is  properly  moistened.  The  last  is  then  placed  within  the  boot,  and  the  screw  I  is  turned, 
thus  forcing  apart  the  sections  of  the  last,  and  stretching  the  moistened  side  of  the  boot.     If  the 
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toe  of  the  boot  requires  stretching,  the  link  d  is  disconnected  by  removing  the  screw  d'.    The 

turning  of  the  screw  I,  in  the  position  shown  by  Figs.  1026,  1027,  will  expand  the  front  ends 

of  the  parts.      Should  the  instep  require 

stretching,  the  levers  j  j  are  placed  in  the 

groove  i,  Fig.  1025,  and  the  levers  then 

expand  vertically.    When  in  the  groove  g, 

the  levers  are  placed  horizontally. 

Figs.  1028  to  1030  illustrate  H.  B. 
Hor ton's  crimping  machine.  A  piece  of 
wet  leather  having  been  laid  across  the 
jaws,  it  is,  by  the  raising  of  them  through 
the  lever  I),  forced  upon  the  crimp-form  F  ; 
by  the  repeated  sliding  up  and  down  of 
the  jaws  on  the  leather,  it  is  thus  smoothed, 
and  embraces  the  crimp-form.  Should 
there  be  any  thin  place  in  the  leather, 
and  the  wrinkle  not  perfectly  removed, 
the  nearest  set  screw  d  is  turned,  and  the 
wire  b  b  made  to  project  beyond  the  face  of 
the  jaw  opposite  the  screw.  The  angle- 
iron  G,  clamps  I,  and  screw-rod  H,  serve  to 
draw  tight  the  leather  on  the  crimp-form. 

Referring  to  Figs.  1031  to  1033,  which 
show  Daugherty's  boot-crimp,  the  slides 
L  M  fit  loosely  to  the  arms  of  the  elbow  G. 
The  nut  I  is  provided  with  projections  a  a, 
which  extend  up  each  side  of  the  elbow  so 
as  to  form  two  inclined  planes  which  cor- 
respond with  the  inside  of  the  clasp  K, 
which  clasp  is  perforated  so  as  to  traverse 
freely  upon  the  screw  H,  and  the  inside  of 
the  arms  are  scored  so  as  to  gripe  the 
leather  upon  the  projections  a  a  of  the  nut. 
The  edges  of  the  leather  having  been  in- 
serted between  the  slides  L  M  and  clasps 
P  Q,  and  between  clasp  K  and  nut  I,  the 
screw  H  is  turned,  by  which  means  the 
elbow  G  is  moved  outward,  and  with  it 
the  clasps,  thereby  stretching  the  leather. 
As  the  screw  is  turned,  it  slips  a  little  on 
the  nut,  and  slides  and  draws  the  clasps  on,  so  that  the  scored  part  of  the  clasps  gripes  the  leather  tight. 
The  elbow,  and  so  on,  are  received  in  a  groove  in  the  crimp-board  A,  formed  by  projections  E  and  F. 

Thompson's  machine  for  polishing  the  soles  of  boots  or  shoes,  Figs.  1034,  1035,  is  of  simple 
construction,  having  a  polisher  or  polishers  g  A,  made  of  bone  or  other  proper  material,  attached  to 
a  shaft  /,  which  has  a  reciprocating  motion  imparted  to  it  in  any  desirable  manner. 

1C36.  1037.  1033. 


Figs.  1036  to  1038  represent  A.  Swingle's  hand  pegging-machine.  By  striking  with  a  hammer 
upon  the  top  of  an  awl-driver  C,  the  spring-slider  D  is  driven  up  into  a  handle  A,  splitting  a  peg 
from  the  block  which  is  arranged  in  the  space  L  between  the  said  slider  and  the  peg-wood  driver 
M;  to  the  latter  is  imparted  a  constant  tendency  to  press  the  block  forward  by  means  of  an  elabtio 
band  N.  The  awl  E  and  peg-driver  F  work  through  holes  I  and  K  in  the  s  líder,  the  principal 
object  of  the  slider  being  to  draw  or  force  the  awl  out  of  the  leather  sole,  or  other  articles,  imme- 
diately after  having  been  driven  into  the  same.  G  is  an  india-rubber  spring  attached  to  tüe 
lower  end  of  the  awl-driver. 
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Hill's  machine  for  skiving  boot  and  shoe  counters  is  represented,  Figs.  1039  to  1041.  A  lever 
A',  turning  horizontally,  has  its  fulcrum  upon  the  upper  end  of  a  lever  B'.  Studs  ef,  projecting 
from  lever  A',  rest  respectively  against  the  middle  of  the  rocker-frame  S  and  the  end  of  shaft  F. 
B'  turns  upon  a  fulcrum  at  g,  and  is  operated  by  a  foot-treadle  below.  By  means  of  the  levers 
A'  B',  the  clamp-plate  E  and  the  rocker -frame  S  are  simultaneously  moved  towards  the  rotary 
bed  B  ;  the  clamp-plate  being  carried  into  contact  with  the  leather  to  be  skived,  while  the  knife 
is  borne  against  the  thin  edge  of  the  clamp-plate  and  against  the  edge  of  the  rotary  cylinder,  so 
that,  whatever  may  be  the  thickness  of  the  piece  of  leather,  the  knife  will  be  made  to  adapt  itself 
to  that  thickness.  Aj;  the  same  time  that  the  face-clamp  is  moved  towards  the  cylinder-bed,  the 
peripheral  clamp  will  also  be  borne  down  upon  a  counter  placed  on  the  periphery  of  the  cylindei 
and  between  the  same  and  the  clamp. 


V(/UY///ß 


Figs.  1042,  1043,  show  Zeigler's  boot-crimping  machines.  The  jaws  are  corrugated,  so  as  to 
work  the  leather  away  from  the  angle  of  the  crimping-iron  and  into  the  foot  and  leg  of  the  boot. 
The  nuts  m  serve  to  stretch  the  leather  upon  the  crimping-iron.  The  slots  in  the  plate  K  are  so 
constructed  as,  in  combination  with  the  segment-gear  M  and  rack  J,  to  move  the  foot  of  the 
crimping-iron  into  or  between  the  jaws  twice  as  fast  as  they  move  the  leg,  and  to  give  the  foot  a  com 
pound  motion  which,  in  combination 
with  the  corrugations  in  the  jaws, 
works  the  leather  in  the  required 
direction  to  crimp  it  properly. 

J.  P.  Mollièrc's  machine  for  cut- 
ting the  edges  of  boot  and  shoe  soles 
is  referred  to  in  Figs.  1044  to  10  17. 
This  plan  consists  in  arranging  two 
revolving  tools  G  and  A,  both  of  the 
same  construction,  only  h  being  of 
larger  size  than  G.  The  side  of 
the  shoe  is  first  held  against  tool 
G,  placing  the  edge  of  the  guard- 
plate  a  between  the  upper  and  the 
sole.  The  shoe  being  thus  slipped  along  to  the  point,  and  the  same  way  with  the  other  side  of 
the  shoe,  the  edge  of  the  sole  is  finished  with  the  exception  of  the  heel.  Tho  heel  is  cut  by  the 
larger  tool  h,  it  being  provided  with  a  similar  guard-plate  K,  in  the  same  manner  as  the  sole. 
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In  working  Griffin's  machine  for  cutting  out  soles,  Figs.  1048  to  1051,  the  operator  places  his 
foot  on  treadle  H  and  moves  it  up  and  down,  so  as  to  impart  to  the  shaft  c  a  reciprocating  rotary 

1048-  1019.  1050.     1051. 


motion,  he  at  the  same  time  holding  a  strip  of  leather 
on  the  top  surface  of  the  table,  and  against  a  guide- 
bar  z.  After  each  cut,  he  moves  the  strip  forward 
against  the  guide  or  stop  bar.  The  carriage  I  has  an 
intermittent  reciprocating  motion  imparted  to  it,  which 
carries  each  of  the  knife-bars  K  K  in  succession  di- 
rectly underneath  the  depressor-bar  S,  which,  descend- 
ing thereupon,  forces  the  knife-bar  and  its  knife  P  or 
B  downward  towards  the  cutter-block,  and  cuts  through 
the  leather.  Fig.  1051  represents  the  soles  as  cut  out 
by  the  machine.  Each  knife  is  elevated  from  the 
leather  by  the  springs  a  on  the  rods  that  guide  its 
bar  K. 

In  K.  H.  Thompson's  hand  machines  for  pegging,  Figs.  1052  to  1055,  motion  is  given  to  a 
slide  H  by  striking  upon  head  K.  The  slide  H  carries  the  awl  and  peg-driver.  The  peg- 
driver  is  intended  to  drive  one  peg  at  the  same  time  that  the  awl  makes  the  hole  for  the  next 
peg,  the  machine  being  moved  the  distance  from  one  to  the  next  by  a  slight  pressure  of  the  hand 


in  that  direction,  this  distance  being  measured,  and  this  motion  of  the  machine  restricted  to 
correspond,  by  the  spring-spacer  T.  The  point  at  the  lower  end  of  T,  being  held  down  by 
spring  W,  pierces  the  leather  sufficiently  to  keep  the  machine  from  being  easily  moved  out  of 
place  if  a  slight  downward  pressure  is  exerted  upon  the  machine.  Just  as  the  slider  H  completes 
its  descent,  the  arm  O  on  the  slider  operates  the  tumbler  P,  the  latter  taking  into  a  notch  in  the 
spacer  T,  and  thus  withdrawing  the  spacer  from  the  leather  at  the  time  the  awl  is  sunk  deepest 
into  it.  T  has  also  a  slight  vibratory  motion  in  a  groove  in  the  spacer-plate  Y,  limited  in  one 
direction  by  the  side  of  the  groove,  and  in  the  opposite  direction  by  the  eccentric  adjusting-pin  X, 
by  the  turning  of  which  the  travel  of  the  spacer  may  be  accurately  graduated.  The  spacer  bears 
against  this  pin  ;  the  pressure  of  the  hand  in  the  direction  the  machine  is  to  move,  will,  however, 
move  the  spacer  to  the  opposite  side  of  the  groove  ;  then,  as  it  is  raised  by  each  descent  of  the  awl 
and  peg-driver,  it  will  spring  forward  against  pin  X,  and,  as  the  awl  begins  to  rise,  will  descend  in 
the  same  position  upon  the  leather  ;  and  when  the  awl  rises  so  as  to  clear  the  leather,  the  pressure 
of  the  hand  in  that  direction  overcomes  the  spring  of  the  spacer,  and  moves  forward  the  machine 
for  the  next  peg.  The  peg-wood  is  placed  between  the  part  G  of  the  feeder  and  the  spring  D. 
This  spring-feeder  is  operated  by  the  head  of  the  screw  V,  which  holds  the  awl  and  peg-driver  to 
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the  lower  end  of  the  slider,  and  which  projects  through  a  slot  in  the  front  of  the  case,  striking,  as 
it  descends,  against  a  bend  in  the  feeder,  and  pushing  it  back  so  as  to  give  it  new  hold  upon  the 
peg-wood,  at  the  time  the  wood  is  held  firmly  by  the  cutters  and  a  clamp  E. 

With  Eice  and  Whorf's  apparatus  for  lasting  and  applying  soles  to  shoes,  Figs.  1056  to  1058, 
the  sole  and  the  upper  are  first  placed  together  upon  a  last  A,  the  upper  being  made  to  overlap 
the  outer  surface  of  the  in-sole,  and  affixed  by  cement.  The  whole  being  thus  prepared,  it  is  next 
placed  within  the  clamping-bed  B,  and  the  parts  of  the  latter  closed.  The  platen  of  the  press  is 
depressed,  to  carry  the  punches  on  the  under-side  of  die  w  into  contact  with  the  parts  of  the  upper 
which  overlap  the  inner  sole,  so  as  to  make  perforations  through  them,  and  either  into  or  through 
the  inner  sole.  The  platen  C  is  then  elevated,  and  cement  applied  to  the  outer  surface  of  the 
inner  sole  and  overlapping  parts  of  the  upper.  The  outer  sole  is  laid  upon  the  cemented  surfaces, 
and  the  slide  G  moved  so  as  to  bring  the  die  u  directly  over  the  last  A.  Next,  the  platen  is  to  be 
forced  down  upon  the  outer  sole,  so  as  to  press  it  closely  in  contact  with  the  shoe,  and  expel  from 
between  the  soles  the  superfluous  cement. 

Dinsmoor  and  Bartlett's  instrument  for  chamfering  the  edges  of  shoe-soles  is  referred  to, 
Figs.  1059  to  1061.  The  piece  of  leather  is  laid  upon  a  flat  table,  and  the  blade  A  and  spring- 
presser  H  are  borne  down  simultaneously  upon  the  leather,  while  the  end  of  the  lever-gauge  G 
turning  upon  fulcrum  d  is  made  to  rest  upon  the  table.  This  done,  the  cutting-edge  a  of  the  tool 
is  maintained  at  such  an  angle  from  the  table  as  occasion  may  require,  and  the  tool  is  pushed 
forward  upon  and  around  that  portion  of  the  leather  which  is  to  be  chamfered.  The  frame  B  is 
fastened  to  the  knife  by  means  of  a  wedge  a. 

Figs.  1062  to  1064  show  J.  W.  Hatch's  machine  for  cutting  out  soles.  The  cutter  is  attached  to 
a  vertical  shaft,  which  is  provided  with  journals  to  work  in  bearings  in  a  slide  P,  moving  in  vertical 
guides  in  a  framing  C,  and  receives  its  vertical  reciprocating  motion  from  eccentric  pin  a,  at  the 
end  of  the  horizontal  shaft  D.  The  shaft  in  this  machine  makes  only  about  three-fourths  of  a 
revolution  in  opposite  directions  alternately,  movement  being  produced  by  a  treadle  F,  which  is 
a  lever  of  the  first  order,  with  its  fulcrum  g  at  the  rear  end,  secured  to  the  floor  or  to  a  suitable 
bed-plate  ;  the  treadle  being  connected  by  a  rod  o  with  a  wrist  b,  at  the  back  of  the  fly-wheel  G 
of  the  shaft  D. 

While  the  machine  is  at  rest,  the  wrist  is  always  held  in  one  of  these  two  positions  by  a 
weight  r  attached  to  or  cast  on  the  fly-wheel,  the  weight  r  resting  upon  one  of  two  fixed  standards 
//.  In  either  of  these  conditions  of  the  wheel  and  wrist,  the  treadle  is  of  course  raised.  The 
operator  stands  in  front  of  the  machine,  in  a  convenient  position  for  placing  the  pieces  of  leather 
or  other  material  in  a  proper  manner  upon  the  table  H  for  the  action  of  the  cutter  ;  and  when  he 
depresses  the  treadle  by  his  foot,  he  moves  the  wheel  far  enough  to  bring  the  weight  r  over  the 
centre  of  the  shaft  D  ;  but  the  momentum  the  weight  has  acquired  in  moving  to  that  point  carries 
it  past  the  centre,  and  then  the  pressure  of  the  foot  being  taken  from  the  treadle,  it  descends  by 
the  force  of  gravity  until  it  reaches  the  other  standard,  thus  completing  the  movement  of  the 
wheel.  This  movement  of  the  wheel  brings  down  the  cutter  and  raises  it  again,  and,  just  before 
its  termination,  it  moves  the  lever  E  to  reverse  the  position  of  the  cutter  by  the  action  of  one  of 
two  projections  d  d  upon  one  of  the  prongs  e  e  of  a  fork  on  the  rear  end  of  the  lever.  The  prongs 
e  e  of  the  fork  are  at  different  elevations,  and  the  projections  dd  at  different  distances  from  the 
shaft  D,  to  correspond  with  the  elevation  of  the  prongs  e  e  ;  so  that  when  the  wheel  moves  in  the 
direction  of  the  full  arrow  shown  in  Fig.  1062,  the  projection  d  may  pass  under  the  higher  prong 
e  and  strike  the  lower  prong  e,  thus  throwing  the  lever  to  the  position  shown  in  Fig.  1063  ;  but 
when  the  wheel  moves  in  the  direction  of  the  dotted  arrow,  the  projection  d  may  pass  over  the 
lower  prong  e  and  strike  the  higher  prong  e,  thus  throwing  the  lever  to  the  position  the  reverse 
of  that  shown  in  Fig.  1063.  The  movement  thus  given  to  the  lever  takes  place  just  before  the 
weight  comes  in  contact  with  the  standards//,  and  is  just  sufficient  to  give  half  a  revolution  to 
the  punch-shaft.  To  keep  the  cutter-shaft  from  turning  back  too  soon,  the  friction  of  a  bar  //  is 
applied  in  a  yoke  I;  on  the  top  of  the  framing,  between  the  top  of  the  yoke  I  and  the  bar  /¡,  the 
lever  E  works  snugly,  and  the  bar  is  forced  up  against  the  lever  to  produce  the  necessary  friction 
by  two  india-rubber  springs  *  i,  one  at  each  end.  Stop-screws  jj  are  also  applied  to  the  yoke  I, 
to  stop  and  regulate  the  movement  of  the  lever. 

Polishing  or  burnishing  the  edges  of  heels  and  soles  with  Mollière's  machine,  Fig.  1065,  is 
performed  in  the  following  manner: — The  steam  passes  from  the  boiler  through  a  pipe  x  and  into 
branch  pipes  x,  one  for  each  burnishing-tool  p,  and  can  be  let  into  the  hollow  shaft  /  and  the 
chamber  p  within  the  tool  p,  by  opening  the  cock  u.  A  number  of  these  tools  of  slightly  varying 
sizes  are  arranged  in  line,  and  each  tool  kept  rapidly  revolving.  The  polishing  is  effected  by 
presenting  the  edge  of  the  sole  or  heel  to  the  revolving  polishing-tool  and  pressing  it  gently 
upon  it. 

Mollière's  arrangement  for  mounting  uppers  on  lasts  is  shown  in  Figs.  1066, 1067.  It  consists  of 
an  adjustable  frame  I  and  a  thumb-screw  G,  armed  with  its  tooth-clamp  H,  which,  pressing  verti- 
cally upon  the  inner  portion  only  of  the  heel,  holds  the  last  securely  in  its  position,  and  gives 
free  access  to  the  parts  of  the  last  on  which  any  work  is  to  be  done  by  the  apparatus. 

Jackson's  machine  for  cutting  out  uppers,  Fig.  1068,  consists  of  a  frame  A,  to  which  is  attached 
a  cross-head  E  ;  this  cross-head  is  raised  and  lowered  by  the  action  of  the  shaft  in  the  centre,  the 
wheels  I  and  the  levers  G.  The  leather  is  fed  in  at  D  on  the  platen  B;  the  cutters  being  fixed 
to  the  cross-head,  and  guided  in  their  descent  by  the  indicators  T,  T. 

Fig.  1069  represents  Ellison's  boot-holder,  which  consists  of  a  curved  arm  A  reaching  from 
the  sole  of  the  foot  to  the  top  of  the  leg  L,  where  it  is  fixed.  This  is  used  in  combination  witli 
the  lever  B  provided  with  a  last-shaped  foot,  a  handle  K  and  a  ratchet  O  to  operate  with  a  pawl  D. 
Fig.  1070  shows  E.  M.  Dickinson's  machine  for  holding  uppers.  It  consists  of  a  forked  clamp 
B,  arranged  on  the  frame  A,  and  hinged  at  one  end.  It  is  operated  by  the  lever  G  working  the 
rod  d}  the  yoke  k,  and  the  springs  /,  », 
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Drew's  pattern  for  cutting  boots,  Fig.  1071,  consists  of  two  pieces  of  sheet  metal  A,  B,  of 
rectangular  form,  connected  together  by  hinges  ;  and  two  other  pieces  of  the  same  material 
attached  to  the  former  in  such  a  manner  as  to  be  capable  of  being  adjusted  laterally,  one  of  the 
over -pieces  D  having  a  foot  portion  provided  with  a  wing  connected  to  it  by  means  of  hinges. 


1071. 
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The  apparatus,  designed  by  0.  J.  "Wan en,  for  crimping,  Fig.  1072,  is  applied  to  the  bench  by 
a  swivel  process,  which  permits  the  whole  to  be  turned  to  the  right  or  left  as  the  work  proceeds. 
The  curved  bar  G,  which  supports  the  form  P,  upon  which  the  leather  is  crimped,  has  its  groove 
lined  with  india-rubber  Q,  which  prevents  the  wrinkling  of  the  leather  while  undergoing  the 
stretching  process.  A  spiral  spring  is  employed  to  hold  together  the  two  parts  of  the  clutch  or 
yoke  N,  E,  and  thus  retain  the  work  rigidly  in  any  position  ;  but  at  the  same  time  adapts  the 
clutch  to  be  disengaged  to  allow  the  shaft  to  be  turned  to  bring  the  work  into  convenient  positions 
for  the  operator.  The  nut  K  on  the  screw  k  of  shaft  B  is  connected  with  the  yoke  N  through  the 
medium  of  the  collar  L,  so  as  to  allow  the  yoke  to  be  turned  independently  of  the  nut.  F  is  a 
sleeve  on  shaft  B,  provided  with  a  projection  j,  and  is  used  in  combination  with  the  notched  hub  G, 
the  collar  H,  and  the  spring  I.  The  coupling  by  which  the  shaft  B  is  attached  to  the  bench  is 
composed  of  a  plate  C,  secured  to  the  bench  by  a  screw  D,  and  provided  with  a  socket  a  to  receive 
a  pintle  of  a  fork  which  is  fastened  to  the  sleeve  F  by  pivots. 

Gustins'  movable  jack  for  boot-making  is  shown  in  Figs.  1073,  1074.  The  arms  h,  /,  of  the 
frame  A,  have  supports,  as  i,  for  the  toe  and  heel  of  the  boot,  and  admit  of  rotation  on  a  pivot  at 
A.  The  bolt  C  and  the  friction-washer  o  prevent  a  too  ready  and  easy  movement  of  the  yoke  A 
upon  the  bolt  in  a  horizontal  plane.  The  crank-stop  d,  sliding  in  the  blocks  e  e,  with  the  holes  in 
the  segment  C,  Fig.  1074,  permit  the  instrument  to  be  inclined  for  working  purposes. 
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Referring  to  Fig.  1075,  which  shows  J.  H.  Bclser's  machine  for  shaping  heels,  g  is  a  toe-clamp, 
h  its  latch  fastened  to  a  standard  e,  which  is  provided  with  an  adjusting  screw  /,  and  attached  to  a 
shoe-holder  A.  The  knife  C  works  through  a  rocker-tube  E  by  means  of  the  slider  D,  which  is 
adjusted  so  as  to  act  in  combination  with  the  arrangements  shown  at  H  and  G.  The  position  of 
the  heel  whilst  being  shaped  is  shown  clearly  at  C. 

Fig.  107G  shows  a  side  elevation  of  a  machine  for  cutting  out  and  pricking  soles  and  heels,  by 
Craven  and  Carrack,  of  Leeds.  The  parts  A  are  standards  or  framework  braced  together  by  the 
table  B  ;  C  is  a  shaft,  actuated  by  pulleys  c  through  intermediate  wheels  a,  b.  Cams  on  the  shaft  C 
impart  a  reciprocating  motion  to  the  slides  I>  working  in  V-gKxwes  d.  The  slides  are  connected 
by  the  cross-head  E,  to  which  are  secured  the  frames  c,  which  carry  the  wood  blocks  and  guides/ 
and  g.  The  wood  blocks  /  are  bound  with  a  hoop  of  wrought  iron,  and  are  adjusted  in  any  desired 
position  by  means  of  set  screws  g  in  the  V-raccs  of  the  frames  e.  The  guides  Ç,  provided  with  set 
screws,  are  to  prevent  the  leather  from  being  thrust  too  far  either  laterally  or  longitudinally.    On 
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the  table  B  adjustable  frames  x  are  placed,  which  carry  the  clips  h.  These  clips  support  the 
knives  /,  and  may  be  adjusted  by  set  screws,  according  to  the  size  of  sole  or  heel  required,  having 
V-edges  which  slide  in  the  frames  x.     The  parts  k  k  are  two  spring-clins  to  stiffen  the  knives  /. 


r\ 


1076. 


The  prickers  are  not  shown,  but  simply  consist  of  a  framework  of  pricks  or  needles,  of  the  same 
contour  and  pitch  as  the  required  line  of  nails,  fastened  to  the  wood  blocks  and  piercing  the 
leather  in  their  descent.     The  knife/  inï7_ 

and  its  adjustments  will  be  seen  more 
clearly  by  referring  to  the  detached 
plan  of  the  framework  x,  Fig.  1077. 

The  machine  being  set  in  motion,  a 
piece  of  leather  is  placed  by  the  at- 
tendant over  one  of  the  knives,  the 
cross-head  descending,  the  pressure  of 
the  wood  block  cuts  the  sole  or  heel 
required,  which  drops  through  the 
knife  and  the  aperture  in  frame  x  and 
table  B  into  any  convenient  receptacle. 

The  operation  of  fastening  a  sole 
to  an  upper  was  for  some  time  the  most  difficult  portion  of  boot  manufacture  by  machinery.  It  has 
now,  however,  been  greatly  simplified  by  an  adaptation  of  the  sewing  machine  invented  by  John 
Keats  and  W.  S.  Clark,  and  termed  by  them  the  Crispin  Machine. 

The  leading  features  of  this  machine  are  the  combination  of  a  hook  and  a  shuttle,  instead  of  a 
needle  and  a  shuttle.  This  arrangement  allows  of  the  thread  being  thoroughly  saturated  with 
the  wax,  which  does  not  get  squeezed  out,  as  in  passing  through  the  eye  of  a  needle.  Further, 
the  hole  made  in  the  leather  is  no  larger  than  the  size  of  the  hook,  because  the  hook  lias  no 
thread  in  it  while  piercing  the  material.  Thus,  a  thicker  thread  can  be  used  than  with  the 
needle.  The  stitch,  which  is  formed  on  the  surface  of  the  leather,  is  a  twisted  lock-stitch,  one  of 
the  firmest  made.  The  machine  is  arranged  to  be  driven  by  steam-power,  and  the  motion  can  be 
instantly  stopped  by  a  foot-lever  at  any  point  of  the  stitch,  so  that  the  workman  has  the  free  use 
of  his  hands. 

Fig.  1078  is  a  perspective  view  of  the  post  Crispin,  which  is  used  for  welted  boot  sole  sewing. 
Fig.  1079  shows  the  arm  Crispin,  which  is  employed  in  heavy  work,  such  as  closing  heavy 
uppers,  belt-sewing,  harness  work,  and  so  on.  The  hook  is  first  fixed  by  turning  the  machine  by 
hand  until  the  line  cut  across  the  edge  of  the  needle-bar  L  at  the  lower  end,  pointed  at  by  the 
arrow,  is  on  a  level  with  the  bottom  end  of  the  slide,  and  then  fixing  the  hook  with  its  point  on  a 
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level  with  the  point  of  the  divider  A,  care  being  taken  to  have  the  notch  which  receives  the 
thread  at  right  angles  with  the  arm  of  the  machine.  After  the  large  bobbin  is  charged  with 
thread  and  placed  in  position,  the  cover  and  hook-plate  at  the  end  of  the  arm  are  drawn  off,  and 
the  thread  brought  over  the  guide-pulleys  until  it  reaches  the  pulley  B  ;  it  is  then  passed  through 
the  eccentric  hole  in  the  small  gear-wheel.  The  thread  is  then  drawn  forward  and  passed  through 
the  hole  in  the  hook-plate,  the  cover  and  plate  being  replaced.  To  thread  the  shuttle,  the  bobbin 
has  to  be  placed  in  it,  with  the  long  centre  end  foremost.  The  thread  is  then  passed  through  the 
upper  slot  over  the  bar  and  through  the  lower  slot,  and  then  through  one  of  the  round  holes.  The 
operator  then  places  the  shuttle  upon  the  slide,  and  nuts  down  the  hinged  stop  C.    He  raises  the 


pressure-foot  by  means  of  the  lever  D,  and  puts  the  work  under  the  hook  so  ns  to  be  moved  from 
left  to  right.  After  the  machine  is  charged  with  waxed  thread,  the  gas  G  is  turned  on,  and 
lighted  through  the  holes  in  the  side  of  the  arm,  and  also  the  jets  behind  the  shuttle-race,  until 
the  machine  is  sufficiently  warm  to  make  the  wax  soft,  care  being  taken  not  to  let  the  flame  come 
in  contact  with  the  casting,  as  this  produces  soot,  which  destroys  the  heating-power  of  the  gas. 

A  counter-shaft  mounted  in  the  frame  under  the  table  being  put  in  motion  by  the  driving-belt, 
the  machine  is  started  by  pressing  the  foot-lever,  thereby  bringing  the  pulley  covered  with  leather 
into  contact  with  the  internal  pnlley  mounted  on  the  end  of  the  driving-pinion.  The  moment  the 
pressure  with  the  foot  is  withdrawn,  the  machine  instantly  stops.  Suitable  tension  of  hook-thread 
is  obtained  by  the  thumb-screw  M.    The  feeder  is  adjusted  and  kept  to  push  in  the  required 


BOOT-MAKING  MACHINEKY. 


497 


direction  by  the  round  vertical  bar  being  pinched  with  the  thumb-screw  E 
the  arm  is  found  most  convenient.  The  pres- 
sure is  adjusted  to  the  thickness  of  the  work  by- 
means  of  the  double  screw-nut  F.  The  amount 
of  pressure  is  adjusted  by  the  screw  G.  The 
feeder  is  adjusted  to  the  thickness  of  the  work  by 
turning  the  screw  H.  The  length  of  the  stitch 
is  regulated  by  turning  the  screw  I,  which  is  se- 
cured by  the  lock-nut  K.  To  remove  the  large 
bobbin,  the  pin  N  is  taken  out  ;  the  tension- 
spring  then  forces  it  out. 

The  Pricking  Machine,  designed  by  Gimson 
and  Co.,  of  Leicester,  is  used  for  making  small 
holes  in  the  bottom  of  the  soles  and  heels  of  boots 
and  shoes  to  receive  the  rivets.  It  is  contrived 
so  that  the  distance  the  holes  are  apart  can  be 
varied  according  to  the  number  of  rivets  required. 
It  consists  of  a  standard  A,  Fig.  10S0,  through 
which  is  a  small  crank-spindle;  the  treadle  B  is 
attached  to  the  crank,  and  the  driving-wheel  C 
is  fixed  at  the  other  end  of  the  crank-spindle;  the 
motion  is  imparted  by  a  cord  G  from  this  wheel 
to  a  worm-shaft;  the  worm  gives  the  upright 
spindle  D  a  revolving  motion,  and  the  crank  E 
gives  to  the  arm  F  a  chopping  motion  ;  the  boy 
works  the  treadle  with  his  foot,  and  with  his 
hands  presses  the  sole  against  the  guide  tooth 
wheel  D  ;  this  wheel,  revolving  slowly,  moves  the 
sole  the  required  distance  as  each  prick  is  made 
by  the  arm  F. 

Gimsorìs  Eccentric  Press.  —  This  machine, 
Fig.  1081,  is  used  for  cutting  up  leather,  and  is 
constructed  for  the  use  of  four  men;  the  cross- 
head  E  moves  upwards  and  downwards,  and  re- 
ceives its  motion  from  the  driving-shaft  A,  which 
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has  a  pinion  attached,  and  works  into  the  internal  toothed  wheel  B,  which  wheel  is  keyed  to  the 
eccentric  shaft  C  ;  the  eccentrics  are  fitted  with  straps  connected  to  a  stretcher — this  is  fixed  to 
the  side  D,  attached  to  the  cross-head  E  ;  the  screws  H  are  movable,  and  can  be  adjusted  by  the 
man  to  suit  the  depth  of  the  knife  and  range  of  the  cutting-tools  ;  wooden  blocks  G  are  used  to 
cut  upon  ;  the  leather  is  placed  on  the  block,  the  knife  being  put  on  by  the  man,  who  also  pushes 
it  under  the  cross-head  which  comes  down  upon  it  and  cuts  out  the  sole  ;  the  block  is  then  pulled 
from  under  the  knife,  placed  on  another  part  of  the  leather,  and  the  process  repeated. 

BORING  AND  BLASTING.  Fe.,  Action  de  forer  et  de  faire  sauter  par  une  mine  ;  Gek.,  Das 
Bohren  und  Sprengen  einer  Mine  in  Bergwerken. 

Boring  for  Minerais. — There  is  but  little  difference  in  the  system  of  boring  for  minerals  or 
boring  for  water  ;  the  kind  of  rock  to  be  penetrated  does  not  even  cause  any  material  difference 
to  be  made  in  the  means  or  tools  by  which  it  is  done.  A  hole  of  3  in.  diameter  is  in  all  cases 
sufficient  for  a  test  on  a  mineral  vein.  In  the  U.S.  the  hemp  or  manilla  rope  is  used  for  boring. 
This  is  called  the  Chinese  method,  because  the  Chinese  have  practised  boring  in  that  manner 
since  our  knowledge  of  them.  The  Germans  penetrate  the  rock  by  means  of  iron  rods,  of  1  in. 
square  or  more.  These  rods  are  screwed  together  in  lengths  of  10  or  12  ft.  This  mode  of  work 
causes  the  operation  to  be  rather  expensive,  on  account  of  the  price  of  tools  and  machinery,  and  it 
is  not  very  expeditious.  The  same  method  was  followed  by  other  European  nations,  and  formerly 
in  this  country.  In  recent  works  of  this  kind,  wooden  rods  have  been  used  with  greater  advantage 
than  iron.  These  rods  are  long  slender  poles  of  pine  wood,  often  30  and  more  feet  long,  mounted 
with  iron  and  screwed  together  ;  they  have  the  advantage  of  being  light  and  elastic,  so  as  to  cause 
less  concussion  and  consequently  less  repair  than  iron  rods.  Rods  offer  no  advantage  over  the 
rope  but  that  of  longer  durability,  and  the  earth  may  be  penetrated  to  a  greater  depth  by  means 
of  them  than  by  ropes.  The  latter  are  limited  on  account  of  strength  to  about  1000  ft.,  while  rods 
may  be  driven  down  to  2000  ft.  and  deeper.  "We  will  describe  an  apparatus  which  may  be  used 
either  for  hemp-rope  or  wire-rope,  which  was  made  originally  for  hoop-iron  by  the  well-known 
metallurgist,  F.  Overman,  it  being  cheaper,  and  served  the  same  purpose  as  ropes  of  either  kind. 

At  A,  in  Fig.  1082,  is  represented  a  log  of  oak  wood,  which  is  set  perpendicularly  so  deep  in  the 
ground  as  to  penetrate  the  loose  gravel,  and  pass  a  little  into  the  rock,  so  as  to  stand  firm  in  its 
place  ;  it  is  well  rammed  by  gravel,  and  the  ground 
levelled  so  that  the  butt  of  the  log  is  flush  with  the 
surface  of  the  ground,  or  a  few  feet  below.     Through 

this  log,  which  may  be,  according  to  the  depth  of  loose 

ground,  from  5  to  30  ft.  long,  a  vertical  hole  is  bored 

by  an  auger  of  a  diameter  equal  to  that  of  the  boring 

in  the  rock.     On  the  top  of  the  ground,  on  one  side 

of  the  hole,  is  a  windlass,  whose  drum  is  5  ft.  in  dia- 
meter, and  the  cog-wheel  which  drives  it  6  ft.  ;  the 

pinion  on  the  crank-axle  is  6  in.     This  windlass  serves 

for  hoisting  the  spindle  or  drill,  and  is  of  a  large  dia- 
meter, in  order  to  prevent   short  bends  in  the  iron, 

which  would  soon  make  it  brittle.     In  all  cases  where 

iron,  either  hoop-iron   or  wire-rope,  is  used,  the  dia- 
meter of  the  drum  of  the  windlass  must  be  sufficiently 

large  to  prevent  a  permanent  bend  in  the  iron.     On 

the  opposite  side  of   the  windlass  is  a  lever  of  unequal 

leverage  about  one-third  at  the  side  of  the  hole,  and 

two-thirds  at  the  opposite  side,  where  it  ends  in  a 

cross  or  broad  end  in  case  men  do  the  work.     The 

workmen,  with  one   foot  on  a  bench  or  platform,  rest 

their  hands  on  a  railing,  and  work  with  the  other  foot 

the  long  end  of  the  iever.     In  this  way  the  whole 

weight  of  the  men  is  made  use  of,  who  work  with 

great  ease.     The  lift  of  the  bore-bit  is  from  10  to  12 

in.,  which  causes  the  men  to  work  the  treadle  from  20 

to  24  in.  high.     Below  the  treadle  T  is  a  spring-pole 

S   fastened  under   the   platform   on    which   the   men 

stand  ;  the  end  of   this  spring-pole  is  connected  by  a 

link  to  the  working-end  of  the  lever^  or  the  hoop-iron 

directly,    and     puíls    the  treadle  down.      When  the 

bore-spindle   is   raised    by  means  of  the  treadle,  the 

spring-pole  imparts  to  it  a  sudden  return,  and  increases  by  these  means  the  velocity  of  the  bit, 

and  consequently  that  of  the  stroke  downwards. 

The  spindle  is  represented  in  Fig.  1083,  a  piece  of  square  cast  iron,  or  wrought  iron,  of  from 

200  to  300  lbs.  weight  for  a  hole  of  3  in.  diameter.    For  larger  boles,  of  5  or  6  in.  diameter,  its 

weight  must  be  increased  to  800  or  1000  lbs.     At  one  end  of  the  spindle  the  hoop-iron  or  rope  is 

permanently  fastened  by  screws  or  rivets;   at  the  other  end  the  bore-bit  is  inserted  in  a  round 

hole  and  fastened  by  a  fiat  key.      The  spindle  may  be  provided  at  each  end  with  a  head,  in  the 
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form  of  a  cross,  but  these  are  unnecessary  appendages  :  a  simple  square  rod  of  iron,  whose  diagonal 
section  is  equal  to  the  diameter  of  the  hole,  is  all-sufficient  for  the  purpose.  The  lengths  or  parts 
of  the  hoop-iron  may  be  made  as  great  as  possible,  and  should  be  of  the  best  fibrous  charcoal  iron  ; 
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puddled  iron,  even  if  fibrous,  soon  gets  brittle  in  the  course  of  time  and  work.  For  a  spindle  of 
300  lbs.,  hoop-iron  of  2  in.  by  J-  is  sufficiently  strong  ;  for  heavier  spindles  it  may  be  somewhat 
stronger.  The  ends  of  the  hoops^are  fastened  together  by  means  of  small  rivets  and  drilled  holes, 
and  this  riveting  ought  to  be  renewed  at  least  every  two  months,  because  the  repeated  vibrations 
cause  the  iron  to  get  brittle,  which  is  the  case  at  the  joints  more  than  in  the  run  of  the  iron.  At 
the  upper  end,  where  the  hoop  is  fastened  to  the  lever,  there  is  a  length  of  hoop-iron  nearly  equal 
to  one  length  or  part,  at  one  end  of  which  is  an  eye  permanently  fastened  ;  this  fits  in  a  hook  at 
the  lever,  and  also  in  a  hook  at  the  drum.  This  loose  part  of  the  strap  is  fastened  to  it  by  means 
of  pinch  screws,  as  shown  in  Fig.  1084  ;  by  this  means  the  hoop  may  be  made  longer  and  shorter,  g,s 
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the  bottom  of  the  bore  sinks  down  ;  the  letting  out,  of  course,  can  be  performed  only  while  the 
work  is  stopped.  If  we  want  to  let  out  while  the  treadle  is  in  motion,  which  is  necessary  in  soft 
rock,  a  screw  about  1  ft.  long  is  provided  at  the  end  of  the  treadle,  which  may  be  turned  while  the 
machine  is  in  operation.  The  bore-bit  has  been  shown  in  Fig.  1083  as  it  is  fastened  to  the  spindle. 
This  is  a  simple,  flat  chisel,  whose  edge  is  steeled  with  good  cast  steel,  and  a  little  rounded,  so  as 
to  play  always  in  the  centre  of  the  hole.  If  the  chisel  is  too  round,  or  pointed  in  the  middle,  the 
hole  is  liable  to  get  narrow  in  the  bottom  ;  if  the  edge  is  straight,  the  hole  generally  widens  with 
its  depth.  Other  forms  of  the  bit  are  of  little  use,  they  merely  cause  trouble  and  loss  of  time. 
The  bit  must  be  fastened  very  firmly  in  the  spindle,  and  the  shoulder  of  it  fit  closely  to  it,  or  both 
are  liable  to  get  out  of  order.  When  the  spindle  is  to  be  lifted  from  the  pit,  the  end  of  the  hoop 
is  taken  from  the  treadle  and  hitched  to  the  drum,  which  is  set  in  motion.  The  hoop  must  be 
prevented  from  winding  over  the  hook's  eye,  or  the  pinch  screws,  for  that  would  cause  short  bends 
in  the  iron,  and  permanently  injure  it.  The  drum  must  be  so  high  above  the  hole  that  the  spindle 
may  be  lifted  entirely  above  the  bore-log.  For  these  reasons  the  upper  end  of  the  latter  is  fre- 
quently found  to  be  some  feet  below  the  surface  of  the  ground. 

The  operation  of  boring  is  simple  ;  when  the  hole  through  the  bore-log  is  sunk,  the  spindle  is 
let  down,  hitched  to  the  treadle,  and  the  latter  set  in  motion,  which  labour  two  or  three  strong 
men  can  readily  perform.  If  but  10  or  12  inches  lift  is  imparted  to  the  bit,  from  30  to  40  strokes 
may  be  made  in  one  minute.  If  a  good  hop-pole  is  appended,  from  30  to  45  strokes  may  be  made 
by  men,  and  from  80  to  100  by  a  steam-engine.  The  rock  is  thus  penetrated  by  repeated  blows, 
of  which  from  50  to  100  are  sufficient  to  sink  1  in.  deep  in  soft  slate  and  shale  ;  from  500  to  1000 
in  sandstone  rock,  and  from  10,000  to  20,000  strokes  in  graywacke  or  gneiss.  Even  as  many  as 
30,000  and  40,000  blows  have  been  struck  to  penetrate  1  in.  deep  in  hard  graywacke.  Iron  pyrites 
are  almost  impenetrable  ;  and  the  best  plan  is,  if  the  vein  is  but  a  few  inches  thick,  to  break  it  by 
heavy  strokes  of  a  blunt  steel  point,  directed  so  as  to  break  off  pieces  from  the  mineral.  When  a 
certain  depth,  say  1  ft.,  or  2  ft.,  is  penetrated,  the  debris  of  rock,  ground  into  dust,  and  floating  as 
fine  sand  in  the  water  of  the  hole,  must  be  removed,  which  is  done  by  the  pump  ;  this  instrument 
is  represented  in  Fig.  1085  ;  it  is  a  sheet-iron  cylinder,  of  from  3  to  4  ft.  long,  and  |or  |  in. 


smaller  in  diameter  than  the  diameter  of  the  hole,  so  that  it  may  pass  down  easily  ;  it  is  provided 
at  its  bottom  with  a  strong  iron  ring  riveted  firmly,  and  soldered  to  the  sheet  iron  ;  upon  this  ring 
is  fitted  a  valve,  which  may  be  a  poppet-valve,  or  a  ball,  or,  what  is  equally  as  good  as  any,  a  trap- 
valve  formed  of  a  piece  of  sole-leather  or  strong  india-rubber,  provided  with  a  piece  of  metal  to 
make  it  heavy  and  shut  close.  Metal  valves  do  not  shut  well,  for  often  coarse  sand  gets  into  the 
pump,  which  does  admit  of  a  hard  valve  to  shut,  while  a  light  valve  of  soft  matter  will  press  the 
sand  out,  or  at  least  close  sufficiently  tight  to  prevent  the  mud  from  flowing  out.  This  bucket  is 
gently  let  down  upon  the  bottom  of  the  well  by  means  of  a  small  rope,  a  wire-rope,  or  a  hoop-iron 
tape  ;  it  is  then  rapidly  moved  up  and  down  a  few  times  by  hand,  and  raised.  This  latter  opera- 
tion is  best  performed  by  a  small  windlass,  erected  purposely  for  the  pump.  The  strong  windlass 
is  too  heavy  and  slow  for  this  operation.  When  the  pumping  has  been  repeated  two  or  throe 
times,  we  may  suppose  at  least  all  the  heavy  sand  is  removed  from  the  bottom  of  the  well. 
Pumping  ought  to  be  performed  after  the  water  has  been  for  a  while  at  rest,  early  in  the  morning 
or  after  meal  times.  This  operation  is  very  simple  and  effectual.  The  pump  in  being  raised 
rapidly  from  the  bottom  of  the  well  causes  a  strong  current  of  water  to  pass  vertically  down  ;  this 
stirs  all  the  heavy  sand  in  the  bottom,  and  even  pieces  of  iron  and  steel  which  may  accidentally 
fall  into  the  well,  and  brings  them  into  the  pump.  Many  other  devices  have  been  proposed  for 
this  purpose,  but  we  know  of  nothing  superior  to  this  simple  machine.     See  Artesian  Wells. 

Where  a  steam-engine  is  at  command,  as  is  generally  the  case  at  salt-wells,  the  operation  may 
be  performed  with  ease,  and  cheaply.  Is  a  water-wheel  or  a  mill  at  the  place  where  a  hole  in  to  1  ie 
sunk,  the  expenses  are  very  small,  one  man  attending  the  whole  operation.  In  most  cases  it  does 
not  make  much  difference  where  the  hole  is  driven  down,  if  not  too  far  off  from  the  outcrop,  so  as 
not  to  miss  the  ore  deposit.  If  the  extent  of  a  mass  or  vein  is  known,  and  we  want  merely  to 
know  the  depth  from  a  certain  point,  in  order  to  calculate  the  expenses  of  a  shaft  before  we  sink 
it,  it  may  be  profitable  to  erect  a  steam-engine  for  boring,  in  case  the  depth  is  considerable. 
Horses  or  mules  may  be  also  employed  at  a  common  horse- whim  to  do  the  work  ;  this,  however,  is 
not  much  cheaper  than  manual  labour,  but  the  work  may  be  done  faster.  In  case  a  steam-engine, 
water-wheel,  or  horse-power  is  used,  a  shaft  with  cams  or  tappets  must  be  provided,  which  latter 
press  upon  the  treadle  instead  of  the  feet  of  men.    If  in  this  arrangement  the  shaft  with  tappets 
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can  be  so  arranged  as  to  be  moved  farther  off,  or  closer  to  the  treadle,  it  is  recommended  ;  for 
if  changing  stratified  rock  is  met  with,  different  heights  of  stroke  or  change  of  lift  is  required  ; 
soft  rock  or  slate  cannot  bear  as  strong  blows  as  hard  rock.  In  this  case  the  spring-pole  must  be 
strong  enough  to  balance  the  whole  weight  of  spindle,  and  rope  or  iron  belt,  so  as  to  keep  it 
suspended  when  at  rest.  The  large  drum  for  winding  up  the  rope  may  serve  as  an  axle  for 
tapj)ets;  the  latter  are  then  fastened  to  the  large  cog-wheel,  and  lift  the  treadle  directly,  or, 
what  is  the  same,  the  end  of  the  rope  or  iron  belt.  The  crank-shaft,  on  which  the  handles  are, 
serves  in  this  case  as  a  driving-shaft,  driven  by  pulleys  and  belt  from  the  engine,  the  water-wheel, 
or  horse-power. 

Turning  the  spindle,  or  bit,  is  a  necessary  operation  which  is  much  favoured  by  a  hemp-rope, 
not  so  much  by  a  wire-rope,  not  at  all  by  hoop-iron,  or  by  rigid  bars  of  iron  or  wood.  In  striking 
the  bottom  of  the  well  by  the  sharp  chisel,  it  is  to  turn  around  the  axis  of  the  spindle,  or  its  own 
axis,  in  order  to  cut  a  round  hole  ;  the  more  rapid  this  operation  is  performed,  the  more  correct  is 
the  work,  and  the  faster  it  proceeds.  The  hemp-rope,  in  lifting  the  spindle,  is  stretched,  and 
endeavours  to  untwist,  setting  the  spindle  in  a  rotary  motion,  in  which  it  continues  until  its 
return  to  the  bottom  of  the  well.  At  the  head  of  the  spindle  there  is  a  loose  eye,  or  swivel,  in 
which  the  rope  is  fastened  :  the  rope  will  return,  when  slackened,  and  assume  its  twist  again. 
This  operation,  however  destructive  to  the  rope,  performs  the  rotary  motion  of  the  bit  more  per- 
fectly than  any  other  means.  The  rigid  rod,  and  the  hoop-iron  or  wire-rope,  must  be  turned  by 
hand,  if  no  machinery  is  expressly  prepared  for  the  purpose.  If  turned  by  hand,  which  is  done 
by  means  of  a  cross-handle  above  the  bore-log  by  a  small  boy,  it  ought  to  be  done  rapidly  ;  each 
stroke  ought  to  have  more  or  less  than  a  whole  revolution.  If  this  operation  is  not  properly 
attended  to,  the  bit  is  very  apt  to  cut  rifles  or  flutes,  particularly  in  stratified  rock,  which  are  very 
troublesome  in  the  progress  of  the  work. 

Accidents. — It  may  happen  that  the  belt,  rope,  or  the  rod  breaks,  or  the  bit  or  spindle  is  injured, 
and  leaves  parts  of  steel  and  iron  in  the  hole.  If  the  latter  is  the  case,  and  the  pieces  broken  off 
are  not  too  large,  the  most  expeditious  plan  is,  to  take  a  dull  hard  bit  and  pound  the  iron  into 
such  small  pieces  as  may  be  removed  by  the  pump.  Is  the  belt  or  rod  broken,  the  operation  is 
not  difficult,  but  in  the  latter  case  tedious.  The  hoop-iron,  or  a  hemp  or  wire  rope,  is  easily  drawn 
up,  which  is  most  conveniently  done  by  the  following  machine.  In  Fig.  1086  is  represented  a  parr 
of  tongs,  which  are  fastened  to  the  main  rope  K,  which  is  slackened  in  letting  1086. 

down  the  tongs.  W  is  a  single  wire,  or  a  small  hemp-rope,  such  as  a  bed-cord,  or 
the  pump-rope.  When  the  tongs  are  so  far  down  as  to  be  below  the  broken  end  of 
the  rope,  the  wire  W  is  pulled  so  as  to  open  the  tongs,  after  which  the  belt  E  is 
turned  round  its  axis.  The  lips  L  of  the  tongs,  forming  a  basket,  sweep  now  the 
circumference  of  the  hole,  and  draw  the  broken  rod  into  their  grasp  ;  when  such 
indications  are  perceived  at  the  upper  end  where  the  workman  is  turning  the  belt 
R,  the  wire  W  is  suddenly  slacked,  and  the  sharp  steel  lips  will  bite  the  iron  or 
hemp  ;  the  whole  is  now  lifted  by  the  windlass,  and  the  broken  ends  mended. 
With  a  wrought-iron  spindle,  hardly  anything  can  happen  ;  a  cast-iron  spindle 
may  break  ;  but  if  made  of  a  square  form,  there  is  so  much  room  on  the  four  flat 
sides  as  to  admit  two  sharp-pointed  bits  of  the  tongs,  which  may  fasten  in  it 
sufficiently  so  as  to  lift  it.  More  vexatious  than  such  breaks  is  the  crumbling 
of  rocks,  particularly  if  these  rocks  are  hard  or  tough.  If  the  spindle  has  a  little 
space  at  its  upper  end,  and  a  piece  of  rock  falls  down  from  a  higher  place  and 
wedges  in  between  the  spindle  and  the  walls  of  the  well,  it  causes  often  long  delay 
and  much  labour  to  remove  such  small  stones.  Is  the  treadle  moved  by  men,  such 
impediments  are  generally  observed  before  the  rope  breaks,  and  may  be  made  less 
disturbing  when  attended  to  in  proper  time;  but  if  a  steam-engine  or  other 
power  is  at  work,  it  will  tear  the  rope  or  rod,  and  cause  the  spindle  to  be  tightly 
wedged.  In  order  to  prevent  the  breaking  of  the  rope,  that  part  of  the  lifter 
where  the  rod  is  suspended  must  be  made  so  weak,  that,  when  the  cam  lifts  it,  and 
it  is  heavier  than  the  weight  of  rope,  spindle,  and  bit,  it  will  break  and  prevent 
by  its  rupture  the  breaking  of  the  rope.  Is  the  latter  not  injured,  there  is 
generally  not  much  difficulty  in  getting  the  spindle  out.  At  the  top  of  the  bore- 
hole must  be  always  a  certain  mark,  which  indicates  exactly  the  depth  of  the  well 
by  the  length  of  the  rope  ;  if  the  spindle  is  in  any  way  raised  above  the  bottom, 
we  may  know  it  by  this  mark,  or  by  the  position  of  the  treadle.  In  this  case, 
gentle  up  and  down  motions  at  the  rope  will  generally  loosen  the  spindle  so  as 
to  make  it  play;  its  going  down  to  the  bottom,  however,  ought  to  be  prevented, 
for  which  reason  the  end  of  the  rope  is  laid  on  the  windlass,  and  the  rope  so  far 
stretched  as  to  prevent  its  sinking  to  the  bottom.  By  means  of  the  treadle  or 
by  hand,  the  apparatus  is  now  kept  in  motion  and  gently  raised  by  the  windlass. 
If  these  means  will  not  succeed,  force  at  the  windlass  is  tried,  but  never  beyond 
the  strength  of  the  rope  so  as  to  break  it.  If  this  also  fails  to  lift  the  spindle,  an  iron  rod, 
witli  a  blunt  end,  which  cannot  penetrate  between  the  spindle  and  the  walls  of  the  hole,  is  let 
down  by  means  of  the  pump-rope,  and  gentle  blows  are  imparted  on  the  head  of  the  spindle; 
this  will  either  start  the  spindle,  or  will  crush  the  pebbles  which  hold  it.  Is  the  rope  or  rod 
broken,  these  operations  must  be  performed  with  more  caution,  so  as  to  prevent  forcible  lifting  ; 
for  when  the  tongs  have  hold  of  the  broken  end  of  the  belt,  that  is  never  so  firm  as  the  rope  or 
belt  itself. 

Most  of  the  accidents  arc  caused  by  loose  stones,  gravel  or  pebbles,  crystals  or  pieces  of  slate, 
from  cavities  above.  Most  of  the  rocks  contain  caves,  or  nests  of  crystalline  loose  matter,  which  is 
thrown  down  by  the  motion  of  the  water  and  the  vibrations  of  the  boring  instruments.  In  these 
cases,  pipes  of  sheet  iron,  of  copper,  or  of  other  metals,  have   been  inserted   in  such  places  ; 
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which  operation,  however,  is  expensive,  tedious,  and  not  quite  safe;  much  ingenuity  has  been 
expended  on  inserting  such  pipes.  In  all  cases  of  boring,  the  mouth  of  the  well,  or  upper  part, 
ought  to  be  well  secured  by  the  bore-log  ;  it  should  reach  down  into  the  solid  rock,  and  prevent 
any  dropping  of  gravel  from  above.  When,  in  the  course  of  the  descent,  cavities  are  penetrated 
which  prove  to  be  filled  with  loose  matter,  threatening  to  obstruct  the  progress  of  the  operation, 
the  best  plan  is  to  cut  through  such  a  cavern,  if  possible,  and  reach  the  solid  rock  again.  If  this 
cannot  be  accomplished,  the  chisel  is  driven  down  as  far  as  possible,  and  the  cavity  filled  by  cement, 
which  is  closely  rammed  in  by  a  plunger  The  cement  for  this  purpose  is  mortar  cement,  also 
called  Eoman  cement,  which  is  made  of  impure  limestone,  such  as  is  found  in  the  coal  regions  and 
marl  beds,  in  the  form  of  lumps  imbedded  in  marl,  clay,  or  shale.  This  kind  of  limestone,  when 
burned,  does  not  slack  ;  it  must  be  ground  fine,  and  is  then  mixed  with  water  to  a  stiff  mortar. 
If  no  such  impure  limestone  can  be  obtained,  common  lime  is  mixed  with  burnt  and  finely-ground 
iron  ore,  burnt  marl,  or  burnt  ferruginous  shale,  pumice-stone,  or  any  kind  of  volcanic  porous  rock. 
The  whole,  lime  and  admixture,  of  which  latter  about  40  per  cent,  of  the  lime  is  used,  is  ground 
together  and  mixed  with  water  so  as  to  form  a  stiff  mortar.  Cement  mortar  will  harden  in  the 
course  of  a  few  days  under  water  ;  but  it  is  advisable  to  make  a  trial  of  it  before  it  is  put  down 
into  the  well.  This  mortar  is  filled  in  canvas  or  muslin  bags,  of  such  a  size  as  to  sink  gently 
down  to  the  bottom  of  the  well.  A  number  of  filled  bags  is  let  down,  and  then  the  plunger, — 
which  may  be  the  spindle, — is  pressed  upon  them  to  break  the  bags,  and  drive  the  mortar  into  the 
cavity.  This  is  gradually  filled  entirely  with  mortar,  and  then  left  at  rest  for  some  days.  Part 
of  the  mortar  is,  in  the  meantime,  immersed  in  water,  above  ground,  in  order  to  observe  its 
progress  of  hardening.  When  the  mortar  is  hardened  below,  it  is  penetrated  by  the  bit,  and  a 
round  hole  bored  through  it,  which  forms  now  a  pipe  of  cement,  which  will  effectually  prevent 
eand  or  gravel  from  running  down  and  causing  disturbances  in  the  operations. 

In  all  cases  of  sinking  a  well  or  a  bore-hole,  the  progress  of  the  work  should  be  recorded  in  a 
journal  from  day  to  day  ;  and  each  day,  or  at  each  pumping,  a  part  of  the  bore-meal,  or  the 
coarsest  debris,  saved  for  future  examination.  The  latter  operation  is  simple,  and  causes  no  loss 
of  time.  When  the  pump  is  raised,  the  contents  of  it  are  cast  into  a  fine  wire  sieve,  or  into  a  bag 
of  fine  wire  gauze,  which  is  made  to  contain  all  the  contents  of  the  pump.  The  water  and  the  fine 
parts  of  rocky  matter  will  pass  through  the  meshes  of  the  sieve  and  float  off,  while  the  coarser 
parts  remain.  A  part  of  the  sediment  is  saved  in  a  paper,  or  in  a  small  box,  and  it  is  marked 
with  the  time  and  depth,  when  and  where  obtained,  for  future  reference.  These  evidences,  when 
put  together,  form  the  elements  of  a  section  of  the  rock  strata  penetrated  by  the  well,  in  that 
particular  spot,  and  are  suitable  objects  for  publication.  Any  geologist  can  form,  by  these  means, 
a  profile  of  the  rock,  or  general  formation.  Many  hundreds  of  artesian  wells  are  now  sunk,  and 
have  been  sunk  in  times  past  in  our  country  ;  these  would  furnish  means  for  obtaining  a  correct 
insight  of  the  geology  of  those  places  where  the  operations  are  performed.  For  the  want  of  such 
records,  the  information  arising  from  the  labour  of  boring,  at  a  particular  spot,  is  lost  to  the 
community  and  the  science  of  geology. 

Any  size  of  hole  will  answer  the  purpose  of  the  miner  ;  and  if  2  in.  in  diameter  could  be  sunk, 
it  would  be  sufficiently  wide  ;  but  this  cannot  be  done  ;  the  form  of  the  tools,  pump,  and  rope, 
require  at  least  2*5  in.  All  complicated  tools,  such  as  cross-chisels,  rasps  for  widening,  and 
similar  instruments,  are  to  be  avoided.  They  are  expensive,  both  in  first  cost,  repair,  and  cause 
loss  of  time.  The  simple  flat  chisel  will  form  a  perfectly  round  hole  ;  when  attended  to  in  turning  the 
rope,  it  will  make  the  hole  wide  enough  all  the  way  down  ;  if  frequently  changed  and  sharpened, 
it  works  easy  and  fast.  A  chisel  and  a  good  pump,  a  safe  rope,  and  good  tongs,  are  all  the  imple- 
ments requisite  for  sinking  a  hole  of  2000  ft.  deep. 

We  give  an  example  of  boring  for  minerals,  from  the  '  Transactions  of  the  North  of  England 
Institute  of  Mining  Engineers,'  vol.  vii.  The  paper  which  furnishes  this  example  was  read  by 
the  justly-celebrated  Nicholas  Wood  ;  we  give  it  and  the  discussion  thereon,  without  any  material 
alterations,  to  show  the  baseless  fabric  upon  which  the  so-called  science  of  geology  is  made  to 
rest. 

Nicholas  Wood,  President  of  the  Institute  of  Mining  Engineers,  on  the  Deposit  of  Magnetic  Ironstone 
in  Eosedale. — In  John  Marley's  very  elaborate  and  very  able  account  (says  Wood)  of  the  Cleveland 
Ironstone  District,  communicated  to  this  Institute  at  its  meeting  of  June,  1857,  and  published 
in  vol.  v.  of  the  '  Transactions,'  he  states  : — "  The  only  special  district  to  which  I  think  neces- 
sary now  to  allude  is  the  Eosedale  Abbey  district,  the  ironstone  from  which  has  attracted  a 
large  amount  of  attention,  on  account  of  its  large  percentage,  immense  deposit,  and  magnetic 
properties." 

Marley  then  gives  a  history  of  the  discovery  of  this  bed  of  ironstone,  its  position  in  the  series, 
as  well  as  in  the  district  generally,  and  adds  all  the  information  which  had  then  been  elicited 
with  regard  to  the  particular  features  and  character  of  such  deposit,  which  he  illustrates  by  a 
diagram,  showing  the  explorations  which  had  been  made  by  drifts  and  pits  towards  such  elucida- 
tion; and  he  then  concludes  by  saying: — "I  have  no  doubt  that  this  seam  is  the  same  as  the  seam 
at  the  point  A,  Fig.  1087,  as  also  the  same  as  that  found  on  the  east  side  of  Eosedale,  in  Captain 
Vardon's  property,  of  varied  thickness,  as  well  as  the  same  seam  as  that  at  Grosmont,  Pryupdale, 
Swainby,  and  Bôltby,  known  as  the  top  seam  of  Cleveland — the  nine  inches  of  coal  in  the  pit  sunk 
agreeing  with  Beckhole,  near  Grosmont,  in  particular;  so  that  the  only  doubtful  point  is  as  to  the 
portion  from  the  outcrop  at  A  to  the  so-called  magnetic  quarry;  the  most  feasible  solution  being 
that  it  is  a  disjointed  patch  of  the  regular  seam,  known  as  the  top  seam,  and  not  a  vein,  as  has 
been  said  ;  and,  with  all  deference  to  the  parties  who  have  had  more  opportunity  for  examining 
this  district  than  I  have,  I  propose  leaving  the  extent  of  the  magnetic  and  extra  percentage  tract  as 
an  unsolved  problem,  as  it  may  vary  from  one  or  two  acres  to  any  indefinite  extent,  not  being  at  all 
proved  to  the  south." 

This  is  a  very  clear  and  correct  account  (says  Wood)  of  the  information  then  existing  on  this 
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deposit,  Marley's  opinion  being  that  it  represented  the  top  seam,  as  developed  at  Grosmont 
Fryupdale,  Swainby,  and  Boltby. 


WEST 


EAST 


Reference  : — 0,  Shale  and  ironstone  ramble.     P,  Brown  and  grey  sandstone.     9,  Coal  and  shale.     S,  Shale 
and  sandstone.     T,  Sandstone  ;   top  bed,  of  iron  and  lias  respectively,  not  proved  by  the  bore-hole. 

A  Section  of  the  Strata  at  Grosmont  is  given  by  Marley  as  follows  : — 
Ft.    In. 

Sandstone     25    0 

Ironstone,  top  seam     . .      . .     12     0 
Lias  shale 92     0 


Various  strata,  not  identified     51     0 
Lias  shale 55     0 


198    0 


Ft.  In. 

Ironstone  band  and  shale 29  0 

"  Pectén  "  band,  part  of  the  Cleve- 
land thick  seam       

Shale      '    17  4 

"  Avicula  "  band,  Cleveland  seam    . .       6  4 


5  10 


Another  section  near  Grosmont  gives  the  top  seam  11  ft.  6  in.,  then  187  ft.  of  shale  and  iron- 
stone, and  then  the  Cleveland  band. 


The  Section  at  Fryupdale  is  as  follows 

Ft.  In. 

Freestone      55  0 

Top  seam      12  0 

Jet,  cement,  and  alum  rocks     . .      . .   202  0 

Shale 60  0 


Ft.  In. 

"Pectén"  band,  Cleveland  main  seam     6  0 

Shale       30  0 

"  Avicula  "  band,  Cleveland  main  seam    4  4 


The  Section  at  Swainby  is  as  follows  :- 


Ft.    In. 

Shale 13    0 

Top  seam 23    0 


Ft.      In. 
Shale 132    6 

Cleveland  main  bed       . .      . .       9    3 


And  at  Felix  Kirk,  near  Boltby,  the  Section  is  : — 

Ft.  In. 

Brown,  yellow,  &c,  gritstone 0  0 

Boltby  and  Kosedale  iron  rock        7  0 

Alum  shale,  or  upper  lias  shale       116  0 

Upper  band  of  nodular  ironstone    ....       0    71  (  Type  of  Eston  or 

Thin  seam  of  soft  shale 3    0  >     4  1  <      Cleveland   main 

Lower  band  of  nodular  ironstone    ....       0     6  I  |      seam. 


Section  of  Strata  in  the  Hills  at  Swainby  Mines. 

Ft.    In. 

Soil,  &c 3 


Freestone 24 


Slaty  coal 
Shale  .. 
Sandstone 

Slaty  coal 


Near  the  limekiln  this  Í3 
100,  with  9-in.  iron- 
stone balls  in  it. 


Shale 

Coarse  freestone        

Shale,  with  occasional  nodules  of  iron-) 

stone        j 

Ironstone,  good  2     0 

Ironstone 21     0 


6  6 

5  0 

3  6 

13  0 


23     0 


Carried  forward 


78     0 
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Section  of  Strata  in  the  Hüls  at  Swainby  limes — continued. 

Ft.    In. 

Brought  forward       78     0 

Shale 132     6 

Not 


Ironstone 

Shale 

2 
1 

3 

5 

8 
0 

Ironstone 

Shale 

Ironstone 

Shale 

2 

..    :      1 

1 

II 

8 
7 

Ironstone 

Shale 

1 
0 

1 

3 
6 

Ironstone 
Shale 

3 

Ironstone 

Supposed  shale,  but  unproved  down  to 
the  level  of  the  bottom  of  Crook  beck 


9 

3 

9 

3 

3 

0 

16 

6 

1 

6 

Scarthnick  bed  or  seam. 


335    0 


585     0 

Section  of  the  Strata  at  Eston  Nab,  showing  the  top  seam,  and  the  main  or  Cleveland  band, 
where  the  latter  is  in  perfection. 

Ft. 

¡Soil,  and  other  strata  unproved 50 
Freestone 60 
Shivery  post,  patches  of  jet  and  clay 51 

Ft.  In. 

Nodular  ironstone 0 

Shale 2 

/  Nodular  ironstone 0 

Shale 0 

Nodular  ironstone 0 

Seam  called     Shale         0  10" 

the  "  Top   (  Nodular  ironstone 0     1 

Seam."         Shale         0    6 

Nodular  ironstone 0     1 

Shale         0    6. 

V  Ironstone  band  (varies) 0    9    ' 


In. 

0 
0 
0 


6     0 


Measured 
working 
section. 


Aggregate  of  ironstone,  15J  inches. 


Approximated. 


Lias  shale,  including  jet  rock  at  bottom 

Ironstone  band         0 

Shale 2 


4     2 


Cleveland 
Main  or 

Thick  Bed 

or  seam 

of 

Ironstone. 


Ironstone  band         0 

Shale,  mixt  d  with  nodules  of  ironstone  1 

Ironstone  band         0 

Shale 1 

Shale,  inclining  in  some  parts  to  a  fire 

clay  nature 

Aggregate  of  ironstone,  9  inches. 

Top  block,  left  as  roof 0  11 

Parting  regular  at  outcrop,  but  not  so 

after. 
Second  block  (left  as  roof  near  outcrop)     2    3 


210    0 


10     0 


Measured 
section. 


Main  parting  (a  good  one  near  the  out- 
crop, but  lost  farther  in). 

Main  block  and  uniform        

Parting  (lost  after  leaving  outcrop). 
^  Bottom  block  (varies) 


3     2 


12    0 


1  10 


Shale 

Ironstone  band  (called  2-ft.  band) 

Shale 

Ironstone  band         

Blue  shale         

Various  beds  of  grey  post  and  metal  stone,  &c 

Total 


7  0 
1  S 
6  0 
0  10 


17     0 


15  6 

36  0 

93  6 

552  0 


Measured 
section. 
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The  main  features  of  the  sections  given  by  Marley  as  assimilating  to  the  Rosedale  bed,  are, 
1st.    The  top  seam,  varying  from  12  to  23  ft.  in  thickness. 
2nd.  Lias  shale  and  other  strata,  132  ft.  to  220  ft. 
3rd.    The  Cleveland  main  band,  9  to  12  ft. 
But  in  all  these  sections  there  are  no  beds  of  ironstone  between  the  top  seam  and  the  Cleveland 
main  band. 

Bewick,  in  a  paper  presented  (says  Wood)  to  the  Institute,  and  printed  in  vol.  vi.  of  the 
4  Transactions,'  gives  drawings,  and  an  account  of  the  deposit  of  Eosedale,  and  concludes  with 
these  remarks, — "  My  object  in  thus  troubling  the  members  of  this  Institution  with  the  foregoing 
remarks  is  twofold.  First,  to  show  that  the  iron  ore  of  Rosedale,  instead  of  being  a  large  mineral 
field,  as  was  first  asserted,  and  still  believed  to  be  so  by  many,  is  nothing  more  than  a  volcanic 
dyke  ;  and  secondly,  that  the  ironstone  lately  opened  out  in  this  locality  is  not,  as  it  is  reputed  to 
be,  the  main  seam  now  being  worked  in  the  Cleveland  and  Grosmont  districts,  but  it  is  my  opinion, 
if  Marley  will  permit  me  to  say  so,  the  top  seam." 

I  shall  now  (observes  Wood)  give  an  account  of  the  operations  concluded  by  Professor  Phillips 
and  myself  towards  the  investigation  and  development  of  this  bed  of  ironstone. 

The  first  discovery  of  this  deposit  of  ironstone  was  at  a  quarry  on  the  south-west  side  of  the 
valley  of  Rosedale,  about  a  mile  south  from  Rosedale  Abbey,  and  shown,  Fig.  1088.    When  this 


quarry  was  opened  out  it  was  found  to  consist  of  apparently  a  confused  mass  of  ironstone  boulders 
of  an  ellipsoidal  structure,  and  of  gigantic  size,  often  3  or  4  ft.  in  diameter;  the  central  part  of 
these  boulders  being  generally  blue,  and  consisting  of  a  solid  dark  oolitic  magnetic  iron  ore,  with, 
in  many  cases,  sandy  and  solid  ironstone  crusts  around  it  ;  and,  in  receding  from  the  centre,  the 
iron  ore  becomes  paler,  alternating  with  dark  brown  purplish  layers  ;  the  layer  then  becomes  pale 
brown,  and  the  magnetic  quality  is  lost.  In  most  cases,  hewever,  the  nodules  are  quite  solid,  and 
a  slight  stratification  exists,  though  very  obscure;  and  in  several  cases,  likewise,  the  oolitic 
structure  is  merged  into  compact  brown  iron  ore.  In  some  parts  also,  where  exposed  to  the  water 
and  to  the  weather,  the  iron  ore  is  partly  washed  away,  and  a  gritty  ferruginous  crust  remains. 
These  great  variations  do  not  occur  where  the  ironstone  is  under  cover,  or  covered  by  other  strata, 
but  appears  to  assume  those  different  phases  in  consequence  of  its  extreme  susceptibility  to  change 
by  exposure  to  air  and  water;   and  it  is  somewhat  remarkable  that  the  magnetic  property  is 
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strongest  where  the  mass  is  thickest,  and  scarcely  shows  any  magnetism  in  places  where  it  is  thin, 
or  where  it  has  little  cover,  and,  consequently,  more  exposed  to  decomposition  or  change. 

The  great  characteristic  difference  of  composition  between  this  ironstone  and  the  top  and  main 
band  of  Cleveland  is,  the  entire  absence  of  shells,  the  structure  being  entirely  of  an  oolitic  character, 
being  entirely  composed  of  small  round  concretions  of  iron  ore,  cemented  together  with  extremely 
thin  siliceous  or  arenaceous  films,  and  in  its  magnetic  properties  exhibiting  polarity,  and  likewise 
in  its  greater  richness  than  the  ordinary  ironstone  of  Cleveland. 

This  quarry  has  been  excavated  so  as  to  form  a  face  of  60  ft.  in  thickness  ;  to  which  must  be 
added  11  ft.  of  blue  magnetic  stone,  2J  ft.  red  ironstone,  slightly  magnetic,  bored  down  below  the 
bottom  in  magnetic  stone,  and  3  ft.  of  shale. 

Soon  after  the  quarry  was  discovered,  it  was  thought  advisable  to  drive  a  drift  into  the  side  of  the 
hill,  to  ascertain  the  extent  of  this  deposit,  the  quarry  being  about  600  ft.  from  the  bottom  of 
the  valley,  and  about  300  ft.  below  the  utmost  level  range,  or  plateau  of  moors,  lying  on  the  south- 
west side  of  the  valley.  This  drift,  together  with  a  pit  sunk  upon  it,  is  shown  by  a  drawing  in 
Marley's  paper.  Since  then,  it  has  been  driven  to  a  much  greater  distance,  and  three  bore-holes 
have  been  put  down  from  the  surface  to  the  Eosedale  bed  of  ironstone. 

Fig.  1088  shows  the  position  of  this  drift,  the  distance  and  direction  in  which  it  has  been 
driven  into  the  hill,  and  also  the  position  of  the  three  bore-holes  and  the  quarry.  And  Fig.  1089 
also  shows  the  section  of  the  same  drifts,  and  the  section  of  the  borings,  together  with  their  depths 
from  the  surface,  and  the  beds  of  ironstone  which  they  have  proved.  I  have  carried  such  section 
across  the  valley,  for  the  purpose  of  showing  the  position  of  the  ironstone  band  on  the  opposite  side 
of  the  valley. 

Fig.  1090  shows,  on  a  larger  scale,  the  strata  bored  through  in  the  three  bore-holes  above 
alluded  to,  and  the  ironstone  beds  which  they  have  proved;  Figs.  1091  to  1093,  bore-holes,  Fig. 
1094,  facing  drift,  and  Fig.  1095,  side  drift — show  the  thickness  of  the  lower  bed  of  ironstone  in 
the  several  bore-holes  in  the  face  of  the  drift,  and  also  m  the  side  of  the  drift. 


It  is  necessary  to  remark  that,  where  the  drift  was  first  set  away  in  the  side  of  the  hill,  it  met 
with  shale,  and  it  continued  in  shale  for  a  distance  of  about  80  yds.,  when  the  ironstone  was  found. 
The  drift  continued  in  the  ironstone  for  a  distance  of  180  yds.  farther,  making  a  total  distance  of 
260  yds.  from  the  face  of  the  hill.  Fig.  1089  is  a  section  of  the  ironstone  at  the  face  or  farthest 
extremity  of  the  drift,  showing  an  entire  thickness  of  32  ft.  of  ironstone,  namely,  6  ft.  2  in.  of 
drift,  11  ft.  9  in.  above  the  drift,  and  14  ft.  below  it.  And,  what  is  important  to  mention,  the 
ironstone  was  here  distinctly  stratified,  as  shown  by  the  lines  across  the  section,  Fig.  1094. 

400  yds.  in  advance  of  the  extreme  end  of  the  drift,  and  660  yds.  from  the  side  of  the  hill,  a 
bore-hole,  No.  2,  Fig.  1089,  was  put  down  ;  and  at  right  angles  to  the  line  of  this  bore-hole  from 
the  drift  two  other  bore-holes  were  put  down  from  the  surface,  as  shown,  Figs.  1089,  1090,  each 
200  yds.  distant  from  No.  2  bore-hole,  or  400  yds.  separate  ;  and  the  following  are  sections  of  the 
strata  passed  through  in  these  bore-holes. 

Account  of  the  Boring  No.  1,  Fi;j.  1090,  or  South  Bore-hole,  on  Eosedale  Moor. — 1858. 


No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Fms. 

Clay       0 

Metal  or  shale      1 

I  \ rown  freestone  water       ..  12 

Metal  or  shale      6 

Brown  and  grey  post  . .      . .  2 

Grey  metal 3 


Brown  and  grey  post 
Grey  metal   .... 
Grey  post 
Grey  metal 


Ironstone,  magnetic 
White  shale  mixed 
ironstone.. 

Carried  forward 


with 


:: 
3 
0 
3 

88 

o 


0     5     0 
39    4     9 


Fms.  Ft 


No. 

Brought  forward  . .      . .  39 

13  Ironstone,  magnetic    ..      ..  0 

14  Shale  mixed  with  ironstone  1 

15  White  post 0 

16  Shale 1 

17  Dark  metal 0 

18  Shale  with  post  girdle        . .  1 


45  4     1 

19  Ironstone,  magnetic    ..      ..     5  2    0 

20  Inte,  shale 0  16 

Total  depth,  fathoms      ..51  1    7 


ft. 

In 

4 

9 

5 

0 

0 

9 

2 

4 

1 

0 

3 

0 

5 

3 
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Account  of  the  Boring,  the  Middle  Hole,  or 

No.  Fms.  Ft.  In. 

1  Freestone  ramble         . .      . .     0  3  0 

2  Metal     0  4  0 

3  Brown  post   ..      ..5    2    0} 

4  Grey  post      ..      ..13    0[l2  1  0 

5  Brown  post  ..      ..   5    2    Ol 

6  Metal 5  3  0 

7  Post  with  water 0  5  0 

8  Metal 0  5  0 

9  Coal       0  0  4 

10  Metal 0  2  6 

11  White  post  with  water       ..     0  3  0 

12  Metal 2  16 

13  Grey  and  brown  post  ..      ..     2  3  0 

14  Metal 3  2  0 

15  Brown  post 2  3  6 

16  Metal 3  5  0 

17  White  post 0  4  0 

18  Metal 0  5  5 


Carried  forward 


37     3     3 


No.  2,  Fig.  1090,  on  Bosedale  Moor.— 1857. 

No-  Fms.  Ft.  In. 

Brought  forward        . .   37    3     3 

19  White  post 0     13 

20  Metal 13    6 

21  White  post 0    3    3 

22  Metal  ironstone  girdles      . .     2    5    0 

42    4    3 

23  Ironstone        2     13 

24  White  post  mixed  with  whin     12    0 

25  Metal  with  ironstone  girdles     116 

26  Black  metal  mixed  with  iron-)  A     .     _ 

stone }  0    4    0 

48     1     0 

27  Ironstone       5     2    0 

28  Inte,  grey  shale 110 

Total  depth,  fathoms  . .   54    4    0 


4  Brown  post 3 

5  Grey  metal 2 

6  Brown  post 2 

7  Grey  metal 2 

8  Brown  or  grey  post     . .      . .  3 

9  Grey  metal  ironstone  girdles  4 

10  Grey  post      0 

11  Grey  metal 2 


38     3    6 

12  Ironstone,  magnetic    ..      ..     0    4    6 

13  White    shale,   mixed  with)   i     i     n 


ironstone / 

Carried  forward       . .   40    3    0 


No. 


Fms.   Ft.  In. 


Account  of  the  Boring,  No.  3  Hole,  Fig.  1090,  or  North  Hole,  on  Bosedale  Moor. — 1858. 

No.  Fms. 

1  Clay      1 

2  Brown  post 11 

3  Grey  metal 4 


Ft.  In. 

1  0 

5  0 

1  0 

3  6 

0  0 

1  0 
5  0 

0  0 

1  0 

4  6 

5  6 


Brought  forward     . .   40  3 

14  Ironstone       0  3 

15  Shale,  mixed  with  ironstone     0  5 

16  Gullitypost         0  0 

17  Ironstone,  magnetic    ..      ..      0  5 

18  Light-coloured  ironstone    . .      0  3 

19  White  post,  mixed  with  whin     1  1 

20  Ironstone,  magnetic    . .      . .     0  3 

21  Grey  shale,  mixed  with  iron-  \  ,  „ 

stone  and  post  girdles    . .  J 

22  Black  metal 0  2 


47    0    0 

23  Ironstone,  magnetic    ..      ..     4    5    3 

24  Inte,  shale 0    4    0 


Total  depth,  fathoms  ..   52    3    3 


It  will  be  seen,  therefore,  that  for  a  distance  of  580  yards  from  the  pit,  No.  1  on  the  section, 
Fig.  1089,  to  the  boring  No.  2  on  the  same  section,  the  thickness  of  this  bed  of  ironstone  is  nearly 
the  same,  and  that  this  is  the  case  likewise  at  the  other  two  bore-holes,  Nos.  1  and  3,  at  right 
angles  to  the  above  line  of  section,  the  respective  thicknesses  being  as  follows  : — 


Drift 

No.  1  bore-hole 


Ft.  In. 
32  0 
32    0 


Ft.    In 

No.  2  bore-hole . . 

..     32    0 

v     3            » 

..     29    3 

These  borings  and  sections  show  two  distinct  beds  of  ironstone,  stratified  with  great  regularity  ; 
and  they  prove  most  conclusively  that  neither  of  them  is  at  all  like  what  Bewick  terms  "  nothing 
more  than  a  volcanic  dyke."  - 

It  will  be  seen  by  the  map  of  the  district,  Fig.  1088,  that  a  border  is  traced  around  the  edge  of 
the  valley  ;  this  is  undoubtedly  the  outcrop  of  what  is  called  the  "  top  seam  "  of  ironstone,  as  it 
can  be  traced  south  and  east  into  Eskdale,  and  towards  Grosmont  and  Fryupdale  ;  and  also  north 
towards  Swainby  and  Boltby,  in  which  localities  Marley  has  given  sections  of  the  top  seam,  and 
also  of  the  Cleveland  main  band.  Supposing  this  outcrop  in  the  Kosedale  valley  to  be  the 
top  seam,  then  the  upper  bed  in  the  sections,  Figs.  1089,  1090,  is  unquestionably  the  top  scam 
likewise;  and  we  there  have  a  bed  of  ironstone  upwards  of  30  ft.  thick,  lying  parallel  to  and 
strictly  conformable  with  the  "  top  seam  "  (and  separated  therefrom  only  by  a  thin  bed  of  shale), 
of  an  entirely  different  character  from  either  such  top  seam  or  the  main  band  of  Cleveland. 

I  have  (says  Wood)  laid  down  on  plan,  Fig.  1089,  a  section  of  the  strata  given  by  Marley.  at 
Grosmont  to  the  south-east,  and  at  the  Swainby  mines  to  the  north  ;  and  I  have  added  the  section 
at  Eston  Nab.  It  should  be  observed,  also,  in  corroboration  of  the  upper  bed  of  ironstone, 
Fig.  1089,  being  the  top  seam,  that  a  bed,  or  rather  three  or  four  beds,  of  ironstone  intermixed 
with  shale  occur  in  the  brook  of  Bosedale  and  crops  out  in  the  bank,  which  is  generally  believed 
to  be  the  representative  of  the  Cleveland  main  band,  though  the  ironstone  is  very  inferior,  and  not 
workable.  I  have  laid  down  on  the  section,  Fig.  1089,  the  position  of  this  bed  of  ironstone,  which 
agrees  pretty  well  with  its  position  in  the  other  sections,  making  allowance  for  the  variation  in 
the  thickness  of  the  lias  shale  as  found  in  the  several  localities. 

I  have  (observed  Wood)  likewise,  in  Figs.  1088,  1089,  shown  the  position  of  the  quarry,  which 
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appears  to  have  slipped  down  below  the  level  of  the  beds,  as  shown  by  the  drift  and  borings. 
This  appears  to  have  been  occasioned  by  a  slip-dyke  which  crosses  the  drift  near  the  pit,  as  shown 
on  the  plan,  Fig.  1088.  It  will  be  seen  by  this  plan  that  the  drift  passed  through  alluvial  soil 
and  shale  up  to  near  the  pit,  when  this  dyke  was  crossed  and  the  ironstone  cut,  as  shown  on  the 
plan,  This  dyke  is  supposed  to  run  in  the  direction  shown  on  the  plan,  crossing  the  drift  near  the 
pit,  and  throwing  the  strata  down  on  the  south-west  side,  and,  consequently,  the  strata  comprising 
the  quarry  ;  and  it  appears  that  the  quarry  itself  is  much  broken,  and  has  very  much  the  appear- 
ance of  a  disjointed  slip,  the  elliptical  nodules  being  in  a  mass  of  confusion,  as  shown  on  the 
plan. 

It  has  been  supposed  by  some  parties  that  this  dyke  has  given  the  magnetic  character  to  the 
ironstone  :  but  it  is  well  known  that  the  character  of  the  ore  must  be  changed  from  a  peroxide  to 
a  protoxide  to  become  magnetic,  which  the  crossing  of  the  dyke  through  the  strata  could  scarcely 
accomplish  ;  and  then  we  have  the  entire  absence  of  shells  in  the  lower  bed,  while  the  matrix  of 
the  upper  bed  or  top  seam  is  entirely  calcareous  and  filled  with  shells.  The  concretionary  nature 
of  the  stone,  and  the  much  greater  percentage  of  iron  produced  by  this  deposit  over  that  of  either 
the  top  seam  or  the  Cleveland  main  band,  are  also  characteristic  of  this  bed  of  ironstone  ;  the 
analysis  given  by  Marley  of  the  Rosedale  stone  being  upwards  of  50  per  cent,  of  metallic  iron, 
while  the  top  seam  and  main  band  are  about  32  to  35  per  cent.  ;  and  the  produce  of  a  large  quan- 
tity smelted  at  Consett  gave  55  per  cent,  from  the  calcined  ore,  and  45  per  cent,  from  the  raw 
stone. 

Whatever  opinion  may,  therefore,  be  formed  of  the  cause  of  this  deposit,  we  certainly 
have  the  fact  that,  for  a  width  of  400  yds.  and  a  length  of  580  yds.,  we  have  a  bed  of  ironstone 
highly  magnetic,  of  an  almost  entirely  uniform  thickness,  totally  different  in  its  mineralogical 
character  from  the  ordinary  stone  of  the  district,  and  yielding  in  produce  nearly  20  per  cent,  more 
iron  in  the  furnace.  To  what  extent  this  bed  may  exist  beyond  the  extent  already  proved  will  be 
the  subject  of  further  investigation;  but  it  will  be  a  very  extraordinary  anomaly  ih  geology  if  a 
bed  of  such  uniform  thickness  should  not  extend  to  considerable  distances.  It  has  been  stated 
that  a  similar  bed  has  been  discovered  in  other  and  distant  localities  ;  not  being  myself  cognizant 
of  the  facts,  and  my  information  not  being  very  precise,  I  abstain  (says  Wood)  from  giving  such 
information  at  present.  The  importance  of  such  discoveries  are  of  too  great  interest  in  the  district, 
and  too  valuable  in  a  commercial  point  of  view,  to  remain  long  unexplored,  and  therefore  we  may 
hope  that  at  some  future  period  the  Institute  will  be  favoured  with  an  account  of  such  deposits. 

The  President's  paper  on  the  Rosedale  Ironstone  having  been  read,  a  discussion  thereon  was 
taken. 

Bewick  said  the  magnetic  ore  in  the  quarry  was  a  casual  deposit  in  the  shape  of  a  dyke  or 
vein. 

Marley. — I  understand,  since  I  was  at  Eosedale  Abbey,  that  which  the  President  stated  to  be 
the  top  seam  had  been  discovered  in  a  regular  stratified  state  on  the  south  side  of  the  magnetic 
quarry.  At  the  last  discussion  we  had  on  the  subject,  I  admitted  if  that  bed  of  ironstone  had 
been  discovered  keeping  on  its  uniform  rise  and  dip,  from  the  north  side  of  the  quarry  to  the 
south,  I  had  been  mistaken  in  supposing  the  magnetic  seam  to  be  the  same  as  that  of  the  seam 
then  discovered  on  the  north  side  of  the  quarry.  Then,  as  to  whether  it  was  a  vein  or  a  bed,  or 
whether,  what  I  supposed  at  the  last  meeting,  it  was  an  overflowing  between  soft  strata,  similar  to 
"  flats  "  in  lead  veins,  I  had  not  an  opportunity  of  forming  an  opinion,  for  want  of  the  three  bore- 
holes, which  have  now  been  given. 

The  President. — What  you  stated  was  quite  correct.  The  top  seam  had  not  then  been  found  on 
the  south  side  of  the  quarry.  It  is  now  found  on  the  south  side  as  well  as  the  north  side  ;  but  I 
do  not  think  we  have  yet  discovered  the  magnetic  stone  on  the  south  side  of  the  quarry,  except  in 
the  drifting  and  borings. 

Marley. — When  I  made  my  examination,  preparatory  to  reading  my  paper,  the  top  seam  at  the 
point  A  on  Fig.  1087,  therein  referred  to,  was  lost,  and  no  continuation  was  found  south  of  the 
magnetic  quarry  ;  but,  by  competent  witnesses,  I  have  been  informed  it  is  now  found  south  of 
the  said  magnetic  quarry.  But,  if  the  magnetic  stone  is  a  bed,  it  is  extraordinary  so  large  an 
extent  of  country  should  give  no  trace  of  it,  as  at  Grosmont  and  other  places  we  have  not  the 
slightest  trace  of  it.  At  Ingleby  they  are  putting  three  bore-holes  down,  with  a  view  of  proving 
the  existence  or  otherwise  of  the  magnetic  ironstone  there.  They  are  now,  I  believe,  past  the  top- 
scam  position,  but  have  got  nothing  but  shale  yet.  These  borings  will  prove  about  100  fathoms 
of  strata.  I  have  hitherto  been  of  opinion  that  the  round  particles,  in  the  specimens  of  magnetic 
ore,  are  oolitic  shells. 

The  President,  N.  Wood. — No.     I  believe  they  are  iron,  witli  a  siliceous  matrix. 

Marley. — Has  one  of  those  globules  ever  been  analyzed  by  itself,  and  found  to  be  pure  iron  ? 

Wood. — I  do  not  know;  but  I  believe  there  is  no  calcareous  matter  iu  those  particles  which 
there  would  be  if  it  were  shells. 

Marley. — Unless  it  is  some  peculiar  formation. 

Wood. — Then  the  shell  is  gone,  and  the  iron  left. 

Boyd. — The  chemical  part  of  the  shell  remains  in  the  Cleveland  stone. 

Marley. — The  magnetic  stone  is  not  in  analogy  with  the  Cleveland. 

Wood. — It  has  changed  its  character  from  a  peroxide  to  a  protoxide. 

Marley. — I  acknowledge  the  magnetic  stone  is  free  from  "  pectens." 

Bewick. — After  hearing  what  has  been  stated  by  our  President,  I  am  bound  to  say  our  opinions 
are  as  much  opposed  as  ever  ;  and  I  shall  endeavour  to  show  you  that  the  ironstone  beds  they  have 
BORED  through  at  Rosedale  Abbey  are  not  the  same  as  the  magnetic  ore  and  top  bed  found  by 
the  side  of  the  valley,  that,  in  fact,  the  borings  have  not  reached  those  deposits  by  several  feet, 
ami  that,  therefore,  they  hare  not  as  yet  proved  anything  more  respecting  them.  The  strata  they  have 
bored  through  arc  quite  above  them,  and  you  will  find  on  looking  at  the  table  of  the  borings, 
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published  with  the  July  discussion,  that  an  important  member  of  the  series,  which  immediately 
overlies  the  top  bed,  is  wanting.     I  allude  to  the  great  sandstone  rock,  which  is  seldom  under  50, 
and  sometimes  met  with  100  ft.  thick.     This  rock  does  not  appear  in  the  borings  at  all. 
Wood. — Yes,  it  does,  namely  : — 

Fms.  Ft.  In. 
Brown  freestone  ..  No.  1  bore-hole  ..  ..  12  5  6 
Brown  and  grey  post     „2         „  ....      12     1     0 

Brown  post     ..      ..       „3         „  ..  11     5     0 


with  other  beds  of  post, 
mixed  with  shale. 


Bewick. — That  is  not  the  sandstone  I  allude  to.     That  rock  is  found  higher  in  the  series,  and 
belongs  to  the  coal  measures,  which  your  bore-holes  have  gone  through  ;  but,  as  I  have  just  said, 
they  have  not  yet  reached  the  other  sandstone,  and 
cannot,  therefore,  have  touched  the  top  bed.     In  1096. 

this  section,  Fig.  1096,  you  have,  in  my  opinion,  a      —  x 

type  of  the  ironstone   you  have  gone   through   in      — 

your  borings.    The  seams  here  are  thin  and  divided,  . 

and  the  shale   between  them  is  interspersed  with  2 

iron  nodules  ;  and,  as  you  admit  the  seams  are  split — 

in  the   last  bore-hole,  it  but  serves  to  confirm  my      i^zzziZZIZZZZZIZ^^ZHZZZ^IZZZHZ 
opinion  that   they  are  one  and  the  same.      They 
occupy  the  same  geological  position  in  the  series — 
that  is,  they  intervene  the  great  sandstone  rock  and 
the  coal  measures  in  the  oolitic  series. 

Wood. — Do  you  purpose  giving  the  sections  for 
publication  ? 

Bewick. — Yes  ;  I  intend  leaving  the  whole  of  the 
sections  with  you  for  that  purpose.  The  thickness  b 
of  every  stratum,  in  the  diagram  representing  a 
cross-section  of  the  vale  of  Bosedale,  is  taken  from 
the  table  of  the  borings  before  referred  to,  in 
which  I  may  here  observe  there  is  an  error  of  3 
fathoms  2  ft.  The  total  ought  to  be  48  fathoms  2  ft. 
instead  of  51  fathoms  4  ft.  ;  and  if  you  take  from 
this  1  fathom  1  ft.  for  the  grey  shale  they  have  left 
off  in,  below  the  ironstone,  it  leaves  47  fathoms  1  ft. 
from  the  top  of  the  bore-hole  to  the  bottom  of  the 
ironstone.  I  am  thus  particular  because  I  have 
taken  a  line  of  levels,  commencing  at  the  south 
drift,  by  the  side  of  the  hill,,  and  terminating  at  the 

south  bore-hole;  and  I  find 'there  is  a  difference  in  the  height  of  the  level,  and  the  depth 
of  No.  2  bore-hole,  Fig.  1090,  of  64  ft.,  fully  corroborating  what  I  have  before  stated,  namely, 
— That  the  bore-holes  have  not  yet  reached  the  sandstone  which  overlies  the  top  bed  ;  and  if 
you  will  allow  me  to  explain  my  sections,  I  think  they  will  prove  to  you  that  the  ironstone 
they  have  cut  through  belongs  to  that  which  we  call  the  oolitic  beds,  and  which  are  found 
in  different  localities  in  the  Grosmont  district,  not  so  thick,  it  is  true,  neither  are  they  mag- 
netic ;  but  they  are  found,  as  I  before  stated,  occupying  the  same  geological  position,  and  accom- 
panied by  the  same  description  of  strata.  Section,  Fig.  1096,  is  taken  between  Goathland  Mill 
and  Beckhole,  near  Grosmont,  which,  you  will  observe,  contains  the  same  alternating  strata 
of  sandstone,  shale,  coal,  and  ironstone,  as  you  see  in  section,  Fig.  1087,  which  is  a  transverse 
section  of  the  vale  of  Kosedale,  representing  the  strata  they  have  bored  through  there.  The  iron- 
stone beds  a  and  c,  in  section,  Fig.  1096,  are,  in  my  opinion,  the  same  as  those  marked  a  and  c  in 
section,  Fig.  1087.  The  bed  c  is  very  irregularly  diffused  throughout  this  portion  of  the  oolitic 
district.  It  is  found  in  the  nodular  form.  In  some  places  you  find  it  of  considerable  thick- 
ness, and  then,  again,  entirely  wanting.  Sometimes  of  good  quality,  but  more  frequently  coarse 
and  inferior,  and  gradually  alternating  with  the  sandstones.  The  bed  a  is  more  regular,  but 
thinner,  and  of  very  good  quality  ;  its  upper  portion  consists  of  a  nodulai  bed  averaging  from 
3  to  6  in.  :  and  the  lower  portion  a  bed  averaging  from  12  to  18  in.  in  thickness.  Wherever  I  have 
met  with  those  beds,  however,  I  have  always  found  them  so  variable,  both  in  extent  and  thickness, 


Reference  : — 1,  2,  o,  Sandstone,  shale,  and  coal. 
4,  Sandstone.  5,  Upper  lias,  a,  6,  c,  Ironstone. 
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as  to  afford  no  reasonable  prospect  of  their  paying  for  working.  They  may  certainly  be  found 
different  at  Bosedale  ;  but  I  would  just  observe  that  I  consider  boring  a  most  fallacious  mode  of 
proving  ironstone  deposits  in  strata  such  as  that  which  these  borings  have  gone  through,  you  are  so 
liable  to  mistake  a  nodule  for  a  bed,  or  a  portion  of  a  bed.     I  shall  be  much  surprised  if  you  do 
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not  find  the  section  of  your  shaft,  should  you  sink  one,  very  different  from  the  section  of  your 
bore-hole. 

Wood. — Then  it  is  a  question  of  policy,  in  Bewick's  view  of  the  case,  commercially  considered, 
whether  the  borings  should  not  be  continued.  With  regard  to  the  identity  of  the  position  in 
the  series  of  the  bed  of  ironstone  ranging  around  the  Eosedale  valley,  as  shown  in  Fig.  1097,  and 
also  in  Fig.  1087,  it  appears  to  be  undoubtedly  the  top  bed  of  Cleveland.  All  parties  admit  this. 
Then  the  question  is,  Is  the  bed  of  ironstone  proved  at  the  pit  No.  1,  Fig.  1089,  and  the  bed 
corresponding  therewith  and  proved  in  the  bore-holes  Nos.  1,  2,  and  3,  and  therein  designated  by 
me  as  the  top  seam,  the  same  bed  of  ironstone  ?  Bewick  thinks  not,  and  that  the  borings  have  not 
yet  reached  this  bed.  I  can,  of  course,  only  refer  to  the  borings,  driftings,  and  the  section  of  pit 
No.  1,  and  I  must  add  that  there  appears  to  me  no  doubt  whatever  on  the  subject  ;  and  the  fact 
that,  according  to  Bewick's  plan,  Fig.  1097,  we  have  the  top  bed  on  both  sides  of  the  magnetic 
quarry,  ranging  as  accurately  as  can  be  conceived  with  this  bed  in  the  borings,  confirms  this 
supposition,  in  my  opinion.  It  is  true  that  this  bed  is  at  a  lower  level  at  the  south  or  left-hand 
drift  than  on  the  north  side,  but  this  is  clearly  the  effect  of  the  dyke  shown  in  Fig.  1087,  which 
throws  down  the  strata  in  that  direction.  With  regard  to  the  supposed  want  of  what  Bewick  calls 
the  thick  sandstone  strata  immediately  above  the  top  bed  of  ironstone,  and  shown  on  the  section, 
Fig.  1096,  to  be  100  ft.  thick,  I  have  looked  carefully  over  the  sections  given  in  Marley's  paper, 
and  I  do  not  find  in  any  one  of  them,  except  at  Eston  Nab,  the  extreme  northern  point  of 
the  district,  any  bed  of  sandstone  approaching  to  that  thickness,  and  there  the  section  given  is 

Ft.  In. 

Freestone     _ 60  0 

Shivery  post,  patches  of  jet,  and  fire-clay       54  0 

Top  seam,  exclusive  of  shale  bands 1  3 

At  Rosedale  Cliffs,  between  Staiths  and  Eunswick  Bay,  we  have 

Freestone 26    0 

Fire-clay       4     6 

Freestone  shale 5    5 

Blue  shale 0  10 

Top  seam,  exclusive  of  shale  bands     4    7 

Still  farther  south,  the  sandstone  at  Wreck  Hill  is  only  10  ft.,  with  2  ft.  6  in.  of  shale  covering 
the  top  seam  ;  and  at  Grosmont,  Marley  gives  25  ft.  of  sandstone,  and  another  section  at  58  ft.  6  in., 
which  he  says  varies  in  thickness  and  quality.  At  Fryupdale,  the  thickness  of  sandstone  is  given 
at  55  ft.,  and  at  another  place,  namely,  Swainby,  the  following  is  the  section  : — ■ 

Ft.    In. 
Soil,  &c 3    0 

I  Near  the  limekiln  this  is 
100,  with  9-inch  iron- 
stone balls  in  it. 

Slaty  coal      0     9 

Shale      10 

Sandstone      4    0 

Slaty  coal      0    9 

6    6 

Shale     5    0 

Coarse  freestone 3    6 

Shale,  with  occasional  nodules  of  ironstone     13    0 

Top  seam 28    0 

Considering,  therefore,  that  in  the  borings  there  is  about  60  ft.  of  sandstone,  there  does  not 
appear  to  me  any  substantial  difference  between  the  shale  in  those  borings  and  in  the  other  parts 
oí'  the  district  to  justify  the  supposition  that  the  upper  bed  of  ironstone  is  not  the  top  seam. 
Bewick  thinks  the  bore-holes  have  not  reached  the  sandstone  he  describes.  If  so,  he  should  like 
to  ask  Bewick  what  seam  of  ironstone  that  is  in  the  district  which  has  been  bored  to  ? 

Bewick. — It  is,  in  my  opinion,  as  I  have  previously  stated,  the  ironstone  found  in  the  oolitic 
series. 

Wood. — Where  does  it  occur  in  the  other  districts  ?  Where  do  you  find  another  similar  deposit 
in  Mr.  Marley's  sections? 

Marley. — Dr.  Verity  gives  a  variety  of  ironstone  scams.  If  you  refer  to  my  paper,  you  will  find 
there  are  several  ironstone  .seams  lying  over  the  seam,  which  we  agree  to  be  the  top  seam  of 
Cleveland.  Professor  Phillips  said  that,  with  the  exception  of  the  classification  of  names,  this 
section  was  practically  correct. 

Wood. — Do  you  think  the  ironstone  which  crops  out  all  around  the  valley  of  Eosedale  is  the 
top  scam? 

Bewick. — I  think  so;  I  have  no  doubt  about  it. 

Wood. — If  we  are  agreed  about  the  deposit  of  ironstone  found  cropping  out  around  the  valley  of 
Rosedale,  as  shown  in  the  different  plans,  then  there  can  be  no  difficulty  in  tracing  the  sandstone 
overlying  that  bed  to  the  sandstone  first  of  all  sunk  through  at  the  pit!  Fig.  1089,  and  thence  to 
the  borings  Nos.  1,  2,  and  3;  and  these  borings  having  passed  through  the  upper  bed  of  ironstone, 
below  such  sandstone,  and  then  through  the  magnetic  bed,  there  cannot  be  the  least  doubt  of  the 
geological  position  of  these  beds.    With  reference  to  the  levels,  there  is  no  discrepancy  whatever 
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in  that  respect  ;  there  is  a  rise  in  beds  in  the  line  of  the  drift,  and  in  the  extension  of  that  line  to 
the  borings,  and  the  direction  of  the  line  between  the  borings  seems  to  be  nearly  water-level  at 
that  part.  There  is  not,  therefore,  the  least  discrepancy  on  this  point.  I  have  taken  the  Ordnance 
maps  as  my  guide  as  regards  the  levels,  and  have  no  doubt  they  are  correct.  Whatever  opinion 
may,  therefore,  be  arrived  at  with  respect  to  the  comparison  of  the  beds  proved  in  the  borings  and 
in  the  pit,  with  the  beds  at  Grosmont,  &c,  there  appears  no  doubt  in  my  mind  that  the  mass  of 
ironstone  of  the  quarry  is  a  detached  portion  of  the  thick  or  lower  bed  of  ironstone,  and  that  such 
bed  exists  in  situ  for  a  considerable,  and,  of  course,  at  present,  for  an  unknown  extent  in  the 
locality  of  Eosedale. 

Bewick. — If  our  President  means  by  pit  Fig.  1089  the  air-shaft  sunk  on  the  main  drift,  I  quite 
agree  with  him  that  the  sandstone  found  in  that  shaft  is  the  same  as  that  which  overlies  the  top 
seam  ;  but,  I  beg  to  say,  I  entirely  differ  from  him  in  supposing  it  to  be  the  same  as  that  they 
have  gone  through  in  the  borings.  I  am  also  opposed  to  his  opinion  with  reference  to  the  direc- 
tion of  the  dip  and  rise  of  the  strata.  There  can  be  no  doubt,  I  think,  but  the  strata  on  the  west 
side  of  Eosedale,  and  to  the  south  of  the  croton — that  is,  the  point  from  whence  the  strata  dip  in 
contrary  directions — are  dipping  in  a  south-westerly  direction,  as  shown  in  my  section,  Fig.  1097, 
and  still  more  clearly  proved  by  the  drift  commenced  on  the  south  side  of  the  magnetic  dyke,  and 
driven  in  a  line  with  the  south  bore-hole,  running  nearly  west,  but  which  has  been  discontinued, 
owing  to  the  top  seam,  in  which  the  drift  was  commenced,  dipping  so  much  in  that  direction, 
instead  of  rising,  as  our  President  supposes,  as,  at  the  distance  of  not  many  yards,  to  be  completely 
under  water-level.  With  reference  to  the  slip-dyke  or  fault  mentioned  by  that  gentleman,  I  can 
only  state  that  I  have  never  yet  been  able  to  discover  any  dislocation  or  disturbance  of  the  strata, 
other  than  what  has  been  occasioned  by  the  dyke  of  magnetic  ore  in  its  immediate  vicinity.  Then, 
as  to  the  extent  of  the  magnetic  ore,  all  I  can  say  is,  I  have  paid  several  visits  to  Eosedale  solely 
for  the  purpose  of  examining  the  strata  in  that  neighbourhood,  the  many  deep  ravines  which 
abound  there  affording  ample  opportunity  for  doing  so,  but  I  have  never  been  able  to  trace  the 
magnetic  ore  beyond  the  vicinity  of  the  quarry,  and  every  visit  only  serves  to  convince  me  that  it 
is  a  casual  deposit,  in  the  shape  of  a  dyke  or  vein.  A  bed,  however,  of  560  yds.  in  length,  and 
from  30  to  32  ft.  thick,  cannot  be  identified  with  a  casual  deposit  ;  nevertheless,  I  think,  very  pro- 
bably there  may  be  a  mistake  in  supposing  you  have  a  solid  mass  of  ironstone  32  ft.  thick.  This 
may  have  occurred  from  the  borers  having  cut  through  nodules  or  irregular  patches  of  ironstone, 
and  also  from  the  shale  in  which  it  is  found  being  very  hard,  and  of  the  same  colour  as  the  iron- 
stone.    From  these  circumstances  it  is  an  easy  matter  to  be  misled  by  borings. 

Wood. — Whatever  may  have  been  the  result  of  investigations  on  the  surface,  I  do  not  think  I 
can  add  any  further  information  to  that  already  given  and  shown  on  the  plans,  to  prove  that  a 
thick  bed  of  ironstone  of  about  32  ft.  exists  over  a  space  of  upwards  of  560  yds.  in  length,  and 
200  yds.  in  width,  with  not  the  least  indication  of  any  change  or  termination  of  such  deposit. 
It  would,  indeed,  be  a  most  extraordinary  occurrence  in  the  annals  of  boring,  to  suppose  that 
occasional  nodules,  or  irregular  patches  of  ironstone,  should  have  produced  the  result  recorded  in 
these  borings.  The  boring  through  the  ironstone  beds  was  performed  under  the  immediate  inspec- 
tion of  Stott,  a  well-known  experienced  borer,  who  kept  the  specimens  brought  up  the  bore-hole; 
and  I  can  add,  that  I  examined  a  great  many  of  the  specimens  myself  with  a  magnet,  and  found 
them  magnetic.  There  is  not  the  least  pretence  for  supposing  that  shale  could  be  mistaken  for 
ironstone.     Have  you  seen  any  nodular  magnetic  ironstone  in  the  Grosmont  district  ? 

Bewick. — Never.  You  must  remember  (addressing  the  President)  that  you  stated  at  the 
October  discussion  in  1857,  that  Professor  Phillips  and  yourself  had  discovered  the  magnetic  ore  in 
"  two  localities  two  miles  apart,"  namely,  at  Sheriffs  drift  and  at  the  Quarry  ;  and,  again,  in  the  July 
discussion  of  last  year,  you  stated  the  stone  in  the  drift  south  of  the  dyke  was  magnetic,  but  on 
examining  it  I  found  this  not  to  be  the  case  as  regards  both  the  drifts.  I  believe  the  reason  why 
there  are  so  many  conflicting  opinions  with  reference  to  the  nature  and  extent  of  the  magnetic  ore 
is  owing  to  the  difficulty  there  is  in  distinguishing  the  ore  from  the  top  bed — that  is,  in  separating 
the  igneous  portions  from  the  sedimentary:  for,  although  they  are  both  frequently  magnetic  in  the 
immediate  vicinity  of  the  dyke,  there  is  yet  a  vast  difference  between  them.  The  igneous  portion 
is  harder,  heavier,  and  more  compact  than  the  sedimentary  ;  and  the  former  appears  to  have  acted 
upon  the  latter  whilst  in  a  heated  condition,  much  in  the  same  way  as  a  magnet  acts  upon  a  piece 
of  common  iron,  imparting  to  it  a  portion  of  its  peculiar  magnetic  properties.  I  may  here  be 
permitted  to  add,  that  whilst  I  believe  this  ore  to  have  been  subject  to  a  heat  sufficient  to  evolve 
the  different  gases  it  contained,  I  yet  do  not  think  the  heat  has  been  of  that  intensity  so  as  entirely 
to  expel  them.  We  need  not,  therefore,  be  surprised  at  traces  of  carbonic  acid  being  found  in  the 
chemical  analysis  of  this  ore.  Here  is  a  specimen  of  the  igneous  portion,  which  1  took  from 
the  bottom  of  the  quarry,  and,  after  examining  it,  no  one  can  doubt,  1  think,  of  its  having  been 
subjected  to  heat. 

Wood. — There  is  no  doubt,  as  stated  by  Mr.  Bewick,  that  portions  of  the  top  bed  in  Eosedale 
are  occasionally  magnetic,  and  it  was  this  property  which  led  to  the  mistake,  if  there  are  mistakes, 
in  supposing  the  magnetic  bed  to  have  been  discovered  at  Sheriffs  drift,  and  at  the  drift  south 
of  the  magnetic  quarry.  The  explorations  at  that  time  had  not  been  sufficiently  extended,  nor 
have  they  yet  been  prosecuted  to  such  an  extent  as  to  ascertain  if  the  magnetic  bed  exists  in 
those  localities.  Finding  part  of  the  ironstone  partaking  of  magnetic  influence  led  to  a  supposi- 
tion that  this  bed  did  exist  in  those  localities,  and  the  subsequent  explorations  have  not  been 
prosecuted  to  an  extent  to  ascertain  the  fact  either  one  way  or  the  other.  To  Bewick, — From  what 
part  of  the  quarry  did  you  take  this  specimen  ? 

Bewick. — It  is  from  the  floor  of  the  quarry.  This  (showing  another  specimen)  is  a  sample  of  the 
top  bed  which  appears  to  have  been  partially  burnt,  and  you  will  at  once  be  able  to  detect  the 
difference  between  them.  These  (showing  other  specimens)  are  samples  of  the  ironstone  found  in 
the  oolitic  rocks,  in  the  neighbourhood  of  Grosmont,  some  of  the  nodules  of  which  are  amongst 
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the  richest  of  the  clay  or  calcareous  ironstones.  I  omitted  to  state  that,  with  the  exception  of  the 
first  60  ft.,  where  the  ground  was  so  steep  that  I  could  not  fix  my  instrument,  and  from  which 
there  may  be  some  slight  inaccuracies,  I  took  my  levels  with  a  good  and  safe  instrument,  and  the 
operation  was  performed  in  the  ordinary  way  of  back  and  fore  sights.  I  find  the  difference 
between  my  levels  and  what  I  suppose  the  correct  position  of  the  top  bed  of  ironstone,  and  that 
shown  by  the  bore-holes,  to  be  64  ft. 

Wool. — The  question  of  the  difference  of  the  levels  rests  entirely  upon  the  assumed  inclination 
of  the  beds  ;  a  difference  of  level  of  64  ft.  in  a  distance  of  400  yds.,  accords,  in  my  opinion,  with 
what  may  be  supposed  to  be  the  regular  inclination  of  the  beds. 

Bewick. — Yes  ;  but  in  your  section  you  connect  two  sandstones  which  have  nothing  to  do  with 
each  other,  namely,  the  sandstone  found  in  the  air-shaft  immediately  overlying  the  top  bed,  and 
the  sandstone  found  in  the  bore-hole,  between  which  there  are  several  feet  of  alternating  strata  ; 
and  to  do  which  you  must  of  necessity  raise  your  level  line,  and  show  the  strata  to  be  rising  in 
that  direction  ;  but  the  drift  you  have  driven  some  distance  into  the  side  of  the  hill,  and  at  the  same 
point  as  my  line  of  levels,  shows  the  strata  to  be  dipping  in  that  direction.  I  may  mention,  too, 
that  had  another  bed  of  32  ft.  thick  really  been  met  with  in  the  bore-hole,  it  must  have  been 
found  along  the  sides  of  the  valley,  which  are  intersected  in  so  many  places  with  mountain 
streams,  all  of  which  have  been  searched  by  persons  having  a  fair  knowledge  of  the  geology 
of  the  immediate  neighbourhood,  but  without  the  least  trace  of  it  having  been  met  with. 

Wood.— I  cannot  think  that  there  is  the  least  doubt  that  the  sandstone  in  the  pit,  No.  1, 
Fig.  1089,  is  the  same  sandstone  as  that  proved  in  the  borings;  all  the  appearances  on  the 
surface,  as  well  as  the  general  rise  and  dip  of  the  strata,  prove  this.  Extending  the  line  of 
section  across  the  valley,  it  is  clear  there  is  a  general  rise  of  strata  along  the  line  of  section.  No 
doubt  the  strata  in  the  drift  dip  towards  the  west,  but  that  is  no  doubt  influenced  by  the  slip-dyke 
which  crosses  it.  I  would  observe  that,  taking  the  line  of  section  along  the  face  of  the  valley  in 
Fig.  1087,  in  the  direction  of  the  dotted  line  a  6,  and  applying  the  inclination  of  the  top  bed  of 
ironstone,  shown  Fig.  1097,  to  that  line,  and  not  to  the  curved  or  projecting  line  along  the  face 
of  the  hill,  the  position  of  the  bed  would  be  rising  from  a  towards  6,  and  it  would  require  a  slip- 
dyke,  shown  Fig.  1087,  to  throw  the  bed  into  its  proper  position  along  the  face  of  the  valley 
to  the  west  of  the  magnetic  quarry.  On  examining  Fig.  1087  it  will  be  seen  that  the  magnetic 
quarry  and  the  top  bed  of  ironstone,  as  shown  in  Fig.  1097,  project  considerably  to  the  east  of  the 
general  line  of  the  side  of  the  valley,  which,  being  towards  the  dip  of  the  strata,  shows  the  top 
bed  at  a  lower  level  than  if  the  section  had  been  continued  in  a  more  direct  line,  or  in  the  direc- 
tion a  b.  Whatever  conclusion,  therefore,  may  be  arrived  at  after  all  the  explanations  given,  we 
have  the  fact  of  an  almost  horizontal  bed  of  ironstone,  and  of  nearly  a  uniform  thickness,  distinct 
in  character  from  the  ordinary  beds  of  the  district,  extending  over  a  length  of  568  yds.  and  a 
width  of  200  yds.,  which  clearly  proves  that  it  is  not  a  vein.  How  much  greater  distance  it 
extends,  must  be  left  to  future  explorations  to  prove  ;  but  it  would  certainly  be  an  extraordinary 
anomaly  in  geology  for  such  a  thickness  of  strata  to  disappear  altogether  in  a  short  distance.  If 
it  extends  across  the  valley,  as  shown  in  Bewick's  plan,  Fig.  1096,  then  there  is  no  reason  to  sup- 
pose that  it  may  not  extend  to  the  same  distance  to  the  north  ;  and  if,  according  to  Bewick,  the 
borings  have  not  yet  reached  to  the  top  bed  of  ironstone,  then  the  deposit  of  ironstone,  in  the  valley 
of  Kosedale,  is  richer  in  ore  than  either  Professor  Phillips  or  myself  has  set  forth.  The  correct 
extent  must,  however,  be  left  to  future  explorers  to  discover.  Enough  has  been  proved  to  show  a 
most  extraordinary  deposit  of  a  very  peculiar  and  rich  ironstone,  and  well  worth  further  investi- 
gation. 

Bewick. — There  is  a  section  of  the  cross  drift,  shown  in  Fig.  1089,  driven  at  right  angles  from 
the  main  drift  to  prove  the  breadth  of  the  dyke,  and  which,  at  the  distance  of  16  yds.,  cuts  the 
shale,  and  apparently  touches  the  top  seam  at  the  same  time.  At  the  distance  of  6  yds.  the  stone 
in  this  drift  ceases  to  be  magnetic.  It  is,  therefore,  incomprehensible  to  me  how  it  can  again 
become  so  at  the  distance  of  200  yds.  from  this  point.  Of  course,  you  have  a  right  to  infer  from 
the  information  that  reached  you  that  such  is  the  case.  Still  I  would  strongly  recommend  that 
the  borings  should  be  continued  to  prove  whether  the  sandstone  be  below  you  or  not,  to  ascertain 
which  could  not  fail  to  give  great  satisfaction  to  all  concerned  ;  the  cost  would  not  be  great,  as  the 
bottom  of  your  borings  must  be  near  the  top  of  that  rock. 

Wood. — The  cross  drift  was  not  sufficiently  extended  to  the  wrest  to  prove  the  dyke,  but,  as 
there  was  a  considerable  rise  of  the  strata  in  that  direction,  no  doubt  such  an  inclination  has  been 
occasioned  by  the  proximity  of  the  dyke,  shown  on  the  plans,  Figs.  10S7,  1088.  All  the  facts  show 
that  the  slip-dyke  has  been  a  dislocation  subsequent  to  the  formation  and  consolidation  of  the  various 
beds  affected  by  it  ;  and  consequently  such  dyke  could  not,  we  can  scarcely  conceive,  have  any 
influence  on  the  character  of  the  ironstone  bed  itself,  especially  as  it  is  not  contended,  I  believe, 
that  such  dykes  are  either  of  a  basaltic  or  mineral  character,  there  being  no  appearance,  in  my 
judgment,  to  justify  such  a  conclusion. 

Tubing  Bore-holes. — P.  S.  Reid  having  been  consulted  as  to  the  chance  of  finding  coal  in  the 
Cleveland  district,  at  Kirklcvington,  near  Yarm,  was  afterwards  requested  to  superintend  a  boring 
then  pursued  to  the  depth  of  582 J  ft.,  but  which,  owing  to  circumstances  which  were  difficult  to 
determine,  had  become  very  expensive,  and  made  slow  progress. 

The  582¿  ft.  had  been  done  entirely  by  manual  labour  ;  but  Reid  recommended  the  erection 
of  a  horse-gin,  in  which  the  power  was  applied  to  a  40-in.  drum  placed  upon  a  vertical  axle,  the 
arms  of  which  admitted  of  applying  two  horses,  and  men  at  pleasure,  the  power  gained  being  in 
the  proportion  of  one  to  ten  at  the  starting-point  for  the  horses. 

Upon  the  upright  drum  a  double-ended  chain  was  attached,  which  wTorked  over  sheer-legs 
erected  immediately  over  the  hole,  so  as  to  attain  an  offtake  for  the  rods  of  10  fathoms,  and  so  as 
that,  in  the  act  of  raising  or  lowering,  there  might  always  be  one  end  of  the  chain  in  the  bottom, 
ready  to  be  attached,  and  expedite  the  work  as  much  as  possible. 
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These  arrangements  being  made,  it  was  soon  found  that  there  was  a  defect  in  the  tubing  which 
was  inserted  to  the  depth  of  109  ft.,  and  the  defect  was  so  serious,  in  permitting  the  sand  to  descend 
and  be  again  brought  up  with  the  boring-tools,  as  to  render  it  very  difficult  to  tell  in  what  strata 
they  really  were  ;  this  increased  to  such  an  extent  as  to  cause  the  silting  up  of  the  hole  in  a  single 
night  to  the  extent  of  30  fathoms,  and  occupied  nearly  a  fortnight  in  clearing  the  hole  out  again. 

On  carefully  examining  into  this  defect,  it  appeared  that  the  water  rose  in  the  hole  to  the  depth 
of  A,  Fig.  1098,  74  ft.  from  the  surface  ;  and  that  at  this  point  it  was  about  level  with  the  high- 
water  mark  on  the  Tees,  about  two  miles  distant,  which  it  was  no  doubt  connected  with,  by  means 
of  permeable  gravel  beds,  extending  from  the  arenaceous  strata  at  B,  Fig.  1098. 

On  commencing  to  bore,  the  motion  of  the  rods  in  the  hole  caused  the  vibration  of  the  water 
between  A  and  C  at  the  bottom  of  the  tubing,  and  so  disturbed  the  quiescent  sand  as  to  cause  it 
to  run  down  through  the  faults  in  the  lower  end  of  the  tubing  at  the  latter  point. 

This  tubing  was  made  of  galvanized  iron  plates,  riveted  together  and  soldered  so  as  to  attempt 
to  make  it  a  water-tight  casing  ;  at  the  top  of  the  hole  it  was  in  three  concentric  circles,  which  had 
been  screwed  and  forced  down  successively  until  an  obstacle  was  met  with  at  each  different  place 
shown  by  the  letters  D,  E,  C.  So  soon  as  the  outer  circle  reached  the  depth  of  D,  all  hope  appears 
to  have  vanished,  from  those  who  bored  the  earlier  part  of  the  work,  of  getting  the  tube  farther  ; 
a  second  tube  was,  therefore,  inserted,  which  seems  to  have  advanced  as  far  as  the  point  marked 
E,  where  it,  in  its  turn,  was  abandoned  ;  and  a  third  one  advanced  until  it  rested  in  the  strata  at 
C,  which  is,  no  doubt,  the  lower  part  of  the  lias  freestone  of  a  blue  nature,  as  found  on  the  rocks 
at  Seaton  Carew,  and  in  the  bed  of  the  Leven,  near  Hutton  Kudby.  The  diameter  of  the  first 
tubing  was  3£  in.  external  and  3J  in.  internal  ;  the  second  tube  was  3J  in.  external  and  3  in. 
internal  diameter  ;  and  the  third  tube  was  2f  in.  external  and  2 \  in.  internal  diameter. 

Such  being  the  account  gathered  from  the  workmen  who  superintended  the  earlier  part  of  the 
boring,  it  became  necessary  to  decide  upon  the  best  course  to  remedy  the  evil.  At  first  sight  it 
would  have  appeared  easy  enough  to  have  caught  the  lower  end  of  the  tubes  by  means  of  a  fish- 
head  properly  contrived,  and  thus  to  have  lifted  them  out  of  the  hole,  and  replaced  them  with  a 
perfect  tube,  such  as  a  gas-tube,  with  faucet  screw-joints  ;  but,  on  attempting  this,  it  soon  became 
evident  that,  however  perfect  the  description  of  tubing  which  might  have  been  adopted,  it  would 
be  a  work  of  the  greatest  difficulty  to  extract  when  once  it  was  regularly  fixed  and  jammed  into 
its  place  by  the  tenacious  clayey  strata  surrounding  it  ;  and  that  the  difficulty  of  extracting,  in  the 
present  case,  was  even  enhanced  by  the  inferior  quality  and  make  of  the  tubing  :  in  short,  that,  unless 
by  crumpling  it  up  in  such  a  manner  as  to  destroy  the  hole,  it  was  impossible  to  extract  this  tubing 
by  main  force. 

There  was,  therefore,  no  other  choice  left,  but  to  attempt  cutting  it  out,  inch  by  inch  ;  though 
before  doing  so,  I  may  add,  says  Eeid,  that  we  did  attempt  main  force,  to  the  extent  of  upwards  of 
30  tons,  applied  to  the  bottom  of  the  tubing,  in  which  the  only  success  we  attained  was,  the  losing  of 
several  pieces  of  steel  down  the  hole,  which  we  were  compelled  to  fish  up  with  a  powerful  magnet. 

After  much  mature  consideration  and  contrivance,  it  was  determined  to  order  such  a  perfect 
tubing  as  would  at  the  same  time  present  as  little  obstacle  as  possible  to  the  clav  to  be  passed 
through  on  the  outside,  as  well  as  surround  the  largest  of  the  three  tubes  then  in  the  hole,  and 
present  no  obstacle  to  their  being  withdrawn  through  its  interior. 

These  tubes  were  made  12  ft.  in  length,  flush  outside  and  in,  the  lower  portion  being  steeled 
for  6  in.  from  the  bottom  end,  so  as  to  cut  its  way  and  follow  down  the  space,  and  cover  that 
exposed  by  the  old  tubes  when  cut  and  drawn,  as  shown  in  Fig.  1099. 

In  order  to  commence  operations,  and  avoid  too  much  clay  going  down  to  the  bottom  of  the 
hole,  a  straw-plug  was  firmly  fixed  in  the  lias  portion  of  the  hole  at  F,  Fig.  1098.  The  lower 
portion  of  the  new  tubes  was  then  screwed  on  to  the  top  of  the  old  ones  by  means  of  powerful 
clamps,  attached  to  the  exterior  in  such  a  manner  as  to  avoid  injuring  the  surface  ;  and  so  soon  as 
it  was  evident  that  they  could  be  screwed  no  farther,  the  knife  or  cutter,  Figs.  1099  to  1101, 
was  introduced  inside  the  old  tubing.  Some  force,  it  will  be  evident,  was  needed  to  get  this  knife 
down  into  the  tubing,  but  the  spring  a  giving  so  as  to  accommodate  itself  to  the  hole,  permitted 
its  descent  to  the  distance  required  ;  this  being  effected,  it  was  turned  roimd  so  that  the  steel  cutter, 
shown  at  6,  being  forced  against  the  sides  of  the  tube,  cut  it  through  in  the  course  of  ten  minutes 
or  a  quarter  of  an  hour's  turning.     See  section  at  b,  a,  Fig.  1101. 

The  old  tubes  being  three-ply,  three  of  these  knives  or  cutters  were  required  to  cut  out  the 
three  tubes,  the  inner  one  being  detached  first,  and  then  the  two  exterior  ones  ;  and  so  soon  as  these 
latter  were  cut  out  as  far  as  they  had  been  forced  into  the  clay,  the  work  became  simplified  into 
following  down  the  interior  tubing  by  the  new  tubes,  as  shown  by  the  dotted  lines  from  d  to  e, 
until  we  arrived  at  the  lower  end,  where  it  was  evident  that  the  old  inner  tube  had  been  so 
damaged  or  torn,  either  by  the  putting  in  or  hammering  it  down,  as  to  leave  a  vent  or  fissure  for 
the  sand  to  descend,  and  thus  spoil  the  whole  of  the  work  for  all  future  success  in  the  boring,  to 
say  nothing  of  the  very  great  cost  of  lifting  the  sand  out,  and  subsequent  most  arduous  labour  to 
put  the  hole  right. 

We  (says  Eeid)  finally  recommenced  the  boring  after  about  a  month's  labour  in  taking  out  the 
old  tubings,  leaving  the  new  ones  firmly  bedded  into  the  lias  formation  at  G,  Fig.  1098,  112  t(. 
from  the  surface,  and  subsequently  bored  to  a  depth  of  710  ft.  in  the  new  red  sandstone  formation, 
proceeding  at  the  rate  of  about  3  ft.  in  the  12  hours,  and  leaving  the  hole -so  as,  if  requisite,  it  may 
be  widened  out  to  4  in.  diameter  ;  and,  possibly,  should  more  sand  be  met  with  on  reaching  the 
magnesian  limestone,  or  sands  connected  with  it,  it  may  again  be  retubed  and  the  work  con- 
tinued to  such  depth  as  may  be  desirable.  , 

Keid  observed,  in  his  paper  published  in  the  •  Transactions  of  the  North  of  England  I.  M.  K, 
"To  the  care  of  G.  B.  Lloyd  in  the  manufacture  I  attribute  a  good  deal  of  my  success  m  renewing 
these  tubes.  At  the  same  time,  the  experience  so  gained  in  their  construction  convinces  me  that 
if  adopted  in  many  places  where  air-holes  are  required  in  mines,  and  which  will  not  justify  the 
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cost  of  sinking  a  pit  on  a  large  scale  by 
manual  labour,  good  well-made  tubes  of  this 
description  might,  even  up  to  18  in.  diameter, 
a  answer  as  a  convenient  tubing  for  air-shaft 
;  sides;  and  the  interior  could  be  extracted 
■  by  boring-tools,  similarly  to  those  adopted  in 
j  artesian  wells  and  mines  on  the  Continent, 
;  by  Kind  and  Dégousée. 

"  I  am  further  convinced,"  remarks  Eeid, 
.j  "  that  in  the  artesian  wells,  especially  in 
¡ji  passing  through  objectionable  springs,  the 
j  tubes  would  answer  admirably,  and  that  they 
j  could,  by  powerful  clamps,  be  readily  forced 
i  down,  so  as  to  secure  a  large  volume  of  water 
j  from  the  lower  strata,  and  effectually  prevent 
i  the  injurious  mixture  of  inferior  supplies. 


noi. 


a 


0 


buso 


"  Fig.  109S  shows  the  geological  position 
)f  the  upper  portion  of  the  bore-hole,  and  the 
iepth  to  which  the  imperfect  tubing  was  in- 
SLS  sertcd  ;  it  also  shows  the  tidal  range,  which 
we  were  ultimately  able  to  take  advantage 
of,  by  sinking  so  as  to  get  4  fathoms  more 
offtake,  and  expedite  the  work;  the  water 
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still  rising  only  to  A,  and  flowing  always  from  that  point  when  passed  down  the  hole.  Fig.  1099 
shows  the  action  of  the  knife  and  spring-cutter,  when  forced  down  into  the  tubing,  ready  to 
commence  cutting.  It  also  shows  the  lower  end  of  the  new  tubing  enclosing  the  others  at  the 
commencement  of  the  work;  the  junction  of  the  tubes,  by  means  of  the  half-lap  screw,  being  shown 
aty.  Fig.  1100  shows  a  front  view,  with  knife  or  cutter  b.  Fig.  1101  shows  the  action  of  the 
spring  and  cutter  when  the  requisite  length  is  cut  through  and  ready  for  lifting  ;  the  position  of 
the  tube  being  maintained  perpendicular,  or  nearly  so,  by  the  ball  or  thickening  on  the  rods  at  K, 
and  the  lower  end  of  the  tube  being  supported  by  the  projecting  steel  cutter  at  6,  the  dotted 
lines  from  d  to  e  showing  the  position  of  the  new  steel-ended  tube  when  screwed  down  ready  for 
another  operation.  In  boring  deeper  after  the  tubes  were  removed,  three  wooden  blocks  were  used 
round  the  rods  in  the  new  tube  to  keep  them  plumb. 

"  In  examining  the  nature  of  the  strata  thus  passed  through,  as  described,  it  will  be  evident  that, 
to  ensure  success,  the  tubing,  of  whatever  it  is  made,  should  be  as  truly  cylindrical  as  possible, 
straight,  and  flush  surface,  both  outside  and  in.  It  will  also  be  evident  that  in  thus  joining  pieces 
of  tubing  together  in  this  manner,  the  thickness  ought  to  have  a  due  proportion  to  the  work 
required,  and  the  force  likely  to  be  used  in  screwing  them  down  ;  and  also  that  the  only  correct 
way  of  getting  such  tubes  effectively  into  the  ground  is  by  screwing  and  not  hammering,  as  in  the 
case  of  pile-driving,  or  similarly  to  forcing  a  nail  in.  The  author  has  seen  this  attempted  on 
several  occasions,  but  invariably  with  failure  to  the  success  of  the  work,  and  is  convinced  that  no 
successful  practical  borer  will  adopt  such  measures. 

"  In  some  cases  we  had  to  widen  out  holes  below  the  sharp  edge  of  tubing,  so  as  to  permit  its 
descent.  This  is  an  operation  requiring  great  care  and  attention."  P.  S.  Eeid,  in  concluding, 
observed,  "That  no  branch  of  mine-engineering  is  qualified  to  bring  out  more  thoroughly  the 
abilities  of  a  young  engineer  than  a  perfect  knowledge  of  the  science  of  boring,  requiring,  as  it 
does,  the  best  mechanical  skill,  as  well  as  the  best  knowledge  of  assaying  rocks  by  chemical 
analysis.  He  is  aware  of  more  than  one  deep  boring  in  important  districts,  which  were  finished 
many  years  ago,  and  cost  large  sums  of  money,  but  which,  in  the  then  knowledge  of  chemistry, 
were  not  critically  examined,  and  hence,  so  far  as  their  results  are  concerned,  are  utterly  useless  ; 
the  fact  being  that,  beyond  the  colour  of  the  material  bored  through,  it  is  unknown  whether  it 
was  a  limestone,  or  what  it  was,  to  this  day." 

Rock-boring  Machinery. — In  driving  a  tunnel  or  quarrying  in  hard  rock,  the  only  method 
whereby  the  rock  can  be  worked  is  by  blasting  ;  and  the  Eock-boring  Machine,  which  we  will 
presently  describe,  was  constructed  by  George  Low  for  the  purpose  of  boring  the  blasting  holes, 
with  a  view  to  facilitate  and  expedite  the  work  by  superseding  the  very  slow  and  laborious  mode 
of  performing  this  operation  by  hand.  The  machine  is  driven  by  compressed  air,  and  works  a 
boring  tool  or  jumper  for  boring  the  holes  ;  and  the  boring-tool  works  in  a  direct  line,  with  a  self- 
acting  reciprocating  motion  at  a  very  high  velocity,  and  is  continuously  turned  round  during  its 
working,  being  made  to  rotate  slightly  between  each  blow. 

The  boring-tool  is  fixed  direct  upon  the  end  of  the  piston-rod  of  a  working  cylinder  ;  and  this 
working  cylinder  moves  within  another  exterior  cylinder,  in  which  it  is  made  to  rotate  for  the 
purpose  of  giving  the  rotating  motion  to  the  tool.  The  working  cylinder  has  also  a  longitudinal 
forward  motion  within  the  exterior  cylinder  for  giving  the  advancing  feed  to  the  tool,  the  working 
cylinder  being  propelled  forwards  by  the  compressed  air  that  works  the  tool,  thereby  dispensing 
with  the  necessity  for  employing  propelling  gear,  which  is  liable  to  break  or  get  out  of  order,  and 
is  subject  to  rapid  wear.  The  exterior  cylinder  is  carried  by  a  spherical  trunnion  in  a  movable 
radial  arm  or  jib  mounted  on  a  travelling  carriage,  which  gives  the  means  of  adjusting  the  boring- 
tool  to  any  desired  direction  and  position,  so  that  the  holes  may  be  bored  in  the  most  suitable 
directions,  according  to  the  strata  of  the  rock,  for  the  blasting  to  take  the  best  effect  in  breaking 
up  the  rock. 

This  rock-boring  machine,  which  is  the  invention  of  G.  Low,  is  shown  in  Figs.  1102  to  1112. 
Figs.  1102  to  1106  are  sectional  plans  and  longitudinal  sections,  showing  the  boring-tool  and 
working  cylinder  in  different  positions  during  the  working  of  the  machine  ;  and  Figs.  1107  to  1112 
are  transverse  sections  at  successive  points. 

The  machine  is  only  4  ft.  6  in.  total  length,  being  made  as  short  as  possible  in  order  that  it 
may  be  moved  in  any  direction  in  the  tunnel,  so  as  to  enable  it  to  be  set  to  bore  at  any  angle  and 
in  any  position  and  direction  that  may  be  desired.  The  working  cylinder  A,  Fig.  1104,  constructed 
of  brass,  is  placed  inside  an  exterior  cylinder  B  of  cast  iron,  which  is  fitted  with  a  spherical 
trunnion  C  to  support  it  in  the  radial  jib  or  arm  of  the  travelling  carriage,  as  shown  in  Figs.  1122, 
1123.  The  inner  cylinder  A  is  free  to  move  longitudinally  within  the  exterior  cylinder  from  end  to 
end  as  it  advances  during  the  process  of  boring,  as  shown  in  Figs.  1104  and  1100;  and  it  is  ¡ilso  freo 
to  rotate  within  the  outer  cylinder,  for  giving  the  rotating  motion  to  the  boring  tool  D.  The  back 
end  of  the  working  cylinder  A  is  packed  with  a  cupped  leather,  shown  black  in  Fig.  HOG,  so  as  to 
be  air-tight  when  moving  within  the  exterior  cylinder  B.  The  front  end  of  the  working  cylinder 
A  fits  into  a  wrought-iron  cross-head  E,  in  which  it  is  free  to  revolve  ;  this  cross-head  is  bored  out 
on  each  side  to  slide  upon  the  two  screwed  guide-bars  F,  which  are  bolted  to  the  exterior 
cylinder  B,  Figs.  1106,  1110,  and  1111,  and  are  earned  forwards  to  the  end  bearing  G  of  the 
machine.  The  guide-bars  F  have  a  double  thread  of  lj-in.  pitch  chased  upon  them  from  end  to 
end,  but  the  thread  is  planed  off  on  the  inner  side  of  each  screw  down  to  the  body  of  the  guide- 
bar,  for  the  purpose  of  obtaining  greater  compactness  in  the  construction  of  the  machine,  as  seen 
in  the  transverse  sections,  Figs.  1110  to  1112. 

At  the  back  end  of  the  working  cylinder  A  is  the  air-valve  N,  Figs.  1106  to  1108,  which  is  a 
circular  disc  valve  with  six  inlet-ports  and  six  exhaust-ports,  as  seen  in  Figs.  1107,  1108.  This 
valve  is  turned  by  a  double  spiral  cam  O,  which  is  carried  forwards  into  the  end  of  the  piston  and 
piston-rod  K,  and  is  acted  upon  by  the  four  rollers  P  P,  Figs.  1106,  1109,  bearing  on  both  sides  of 
the  spiral  wings  of  the  cam.     The  spiral  wings  are  so  sloped  that  as  the  piston  moves  backwards 
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and  forwards  the  cam  is  gently  turned  or  twisted,  carrying  with  it  the  air-valve  N  fixed  upon  the 
spindle  of  the  cam.  The  slopes  of  the  cam  are  so  arranged  that  the  valve  N  opens  the  inlet-ports 
for  admitting  the  compressed  air  to  act  upon  the  large  area  of  the  piston,  in  order  to  make  the 
forward  stroke  of  the  tool  ;  and  the  valve  is  then  turned  so  as  to  allow  the  air  to  exhaust  again 
after  the  piston  has  struck  the  blow.  The  return  stroke  of  the  piston  is  produced  by  a  constant 
pressure  of  the  compressed  air  upon  the  small  annular  area  of  the  front  of  the  piston,  the  pressure 
for  this  purpose  being  maintained  through  the  two  ports  shown  in  Figs.  1106  to  1110,  which  are 
always  open.  The  exhaust  air  is  discharged  at  the  front  end  of  the  exterior  cylinder  B,  being 
carried  along  grooves  in  the  circumference  of  the  working  cylinder  A,  as  seen  in  the  plan,  Fig.  11 0Ì, 
and  the  transverse  sections,  Figs.  1107  to  1110. 

The  boring-tool  is  caused  to  rotate  by  rotating  the  working  cylinder  A,  the  piston  being 
prevented  from  turning  in  the  cylinder  by  means  of  two  flats  planed  on  opposite  sides  of  the  piston- 
rod  K,  which  fit  into  corresponding  flats  in  the  stuffing-box  of  the  cylinder,  as  seen  in  Figs.  HOG, 
1110,  and  1115.  The  rotating  of  the  working  cylinder  A,  with  the  piston  and  boring-tool,  ia 
effected  by  hand  by  the  worm  Q,  Fig.  1110,  which  is  turned  by  the  handle  R,  Figs.  1110,  1111, 
and  gears  into  a  worm-wheel  fixed  on  the  square  shaft  S.  The  brass  pinion  T,  Figs.  1103,  1105, 
and  1111,  slides  upon  the  shaft  S,  and  gears  into  the  teeth  U  round  the  circumference  of  the 
working  cylinder  A,  Figs.  1104,  1111  ;  so  that  by  turning  the  handle  R  the  working  cylinder  ia 
caused  to  rotate  ;  and  as  the  cylinder  advances  at  each  turn  of  the  nuts  H,  the  pinion  T  slides 
forwards  with  it  along  the  square  shaft  S,  as  seen  in  Fig.  1105.  In  an  earlier  construction  of  the 
boring  machine,  having  a  pair  of  cylindrical  trunnions  instead  of  the  present  spherical  bearing  C, 
a  self-acting  rotating  motion  was  obtained  from  the  spiral  cam  O  that  works  the  disc  air-valve  N, 
by  prolonging  the  spindle  of  the  cam  through  the  back  end  of  the  exterior  cylinder  B  ;  and  a 
couple  of  pawls  on  the  end  of  the  spindle  worked  into  a  ratchet-wheel  on  the  end  of  the  square 
shaft  S,  which  was  also  prolonged  backwards  for  the  purpose  in  the  absence  of  the  spherical  bearing 
C.  In  practice,  however,  it  has  been  found  preferable  to  rotate  the  working  cylinder  by  hand,  by 
means  of  the  handle  R,  as  above  described,  because  the  very  rapid  reciprocation  was  very  severe 
upon  the  self-acting  rotating  motion,  making  it  liable  to  derangement  ;  and  the  hand  arrangement, 
besides  having  the  advantage  of  simplicity,  avoids  the  necessity  of  prolonging  the  shaft  S 
backwards,  and  thus  allows  of  adopting  the  spherical  trunnion  C,  which  gives  increased  facility 
for  turning  the  machine  into  any  position  desired  for  boring  the  holes. 

The  cross-head  E  slides  forwards  along  the  two  screwed  bars  F  as  the  working  cylinder  A  is 
advanced  inside  the  exterior  cylinder  B  during  the  process  of  boring  ;  and  in  front  ot  the  cross- 
head  the  nuts  H  are  fitted  on  the  screwed  bars  F,  against  which  the  cross-head  and  with  it  the 
working  cylinder  are  pressed  by  the  pressure  of  the  compressed  air  behind  the  working  cylinder  A . 
The  nuts  H  are  held  from  turning,  and  thereby  prevented  from  going  forwards,  by  four  pro- 
jecting stops  upon  their  circumference,  Fig.  1112,  which  are  caught  by  the  catches  I  below  ;  these 
catches  are  kept  pressed  up  by  springs  against  the  under-side  of  the  nuts  ;  and  between  the  two 
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catches  is  placed  a  tappet  J,  so  curved  that  it  may  be  struck  by  the  end  of  the  piston-rod  when  the 
latter  has  reached  the  outer  extremity  of  its  stroke,  as  shown  in  Fig.  1105. 

The  mode  of  action  of  this  advance  motion  is  as  follows  : — The  compressed  air  is  admitted  by 
the  flexible  pipe  L  into  the  exterior  cylinder  B  behind  the  back  end  of  the  working  cylinder  A, 
which  is  thus  kept  pressed  outwards  against  the  cross-head  E,  w7hile  the  cross-head  is  kept  in  its 
place  and  prevented  from  going  forwards  by  the  nuts  H,  and  these  are  prevented  from  turning  by 
the  catches  1.  But  when  the  boring-tool  D  has  advanced  f  in.,  the  distance  due  to  one  quarter 
turn  of  the  nuts  H,  the  outer  end  of  the  piston-rod  K,  which  is  allowed  a  range  of  f  in.  variation 
in  the  length  of  its  stroke,  strikes  against  the  tappet  J,  as  shown  in  Fig.  1105,  and  depresses  it 
Bufficiently  to  make  the  catches  1  release  the  projections  on  the  nuts  H  ;  the  forward  pressure  of 
the  working  cylinder  and  cross-head  against  the  nuts  then  causes  them  to  slip  past  the  catches 
and  advance  one  quarter  turn,  thereby  moving  forwards  f  in.  upon  the  screwed  bars  F,  when  the 
next  projections  on  the  circumference  of  the  nuts  are  caught  by  the  catches  I.  This  process  is 
repeated  for  every  §  in.  bored  by  the  tool,  until  the  nuts  reach  the  front  end  of  the  screwed 
bars  F. 

By  this  arrangement  the  boring-tool  is  allowed  to  advance  at  whatever  rate  it  may  be  cutting 
in  the  rock.  When  the  rock  is  comparatively  easy  to  bore  and  the  tool  is  cutting  rapidly,  the 
projections  on  the  nuts  slip  past  the  catches  from  one  to  another  rapidly,  and  consequently  allow 
each  successive  f -in.  advance  to  occur  more  quickly  ;  whilst  when  the  rock  is  harder  and  the  tool 
is  cutting  slowly,  there  is  so  much  longer  an  interval  between  each  release  of  the  catches,  and  the 
advance  of  the  nuts  is  less  frequent,  thus  admitting  of  a  greater  number  of  strokes  being  made  by 
the  boring-tool  for  each  f-in.  length  of  hole  bored. 

For  winding  back  the  working  cylinder  A  by  hand,  when  required  for  the  purpose  of  changing 
the  boring-tool,  the  two  worms  M  M,  Fig.  1112,  turned  by  a  hand-wheel,  are  geared  into  the  nuts 
H,  as  shown  in  Figs.  1102  to  1106.  The  friction  of  the  worms  also  acts  as  a  break  to  prevent 
the  nuts  from  turning  too  suddenly,  as  it  causes  them  to  move  gently  when  the  projections  on  the 
nuts  are  released  by  the  catches  I   at  each  f-in.  advance  of  the  boring-tool. 

As  the  working  cylinder  A  and  cross-head  E  only  press  loosely  forwards  against  the  nuts  H, 
neither  the  nuts  nor  the  screwed  bars  F  receive  the  slightest  portion  of  the  concussion  from  the 
blows  of  the  tool  ;  but  the  shock  of  each  blow  is  conveyed  direct  to  the  air-cushion  behind 
the  working  cylinder  A,  in  the  back  end  of  the  exterior  cylinder  B.  This  effectually  prevents 
crystallization  of  the  portions  that  are  exposed  to  the  direct  concussion  of  the  blow,  and  prevents 
any  loosening  of  the  several  parts  of  the  machine  ;  it  also  relieves  the  carriage-frame  from  the  full 
shock  of  the  blow,  and  steadies  the  boring  cylinder. 

At  the  outer  end  of  the  two  guide-bars  F  are  two  screwed  caps  V  V  with  steel  points, 
Figs.  1102,  1104,  for  the  purpose  of  steadying  the  end  of  the  machine  against  the  rock.  The 
outer  end  of  the  boring-tool  D  is  steadied  in  the  front  bearing  G,  across  the  end  of  the  two  guide- 
bars  F,  in  order  to  compel  the  tool  to  bore  straight  when  it  meets  with  extra  hard  rock  or  quartz 
veins  inclined  to  the  direction  of  the  hole  ;  and  by  turning  the  handle  W,  the  top  bearing  or  step 
can  be  readily  lifted  out  when  the  boring-tool  requires  taking  out  for  changing.  During  the 
working  of  the  tool  a  jet  of  water  is  kept  constantly  playing  into  the  hole  ;  and  this,  aided  by 
the  reciprocation  of  the  tool,  effectually  clears  out  all  the  loose  material  as  fast  as  it  is  detached 
by  the  tool,  without  ever  requiring  the  tool  to  be  withdrawn,  as  in  hand-labour,  for  the  purpose  of 
clearing  out  the  hole.  In  one  of  these  boring  machines,  worked  in  the  Boundwood  Tunnel  of  the 
Dublin  Corporation  Water-works,  the  water  was  obtained  from  the  top  of  the  tunnel  shaft,  being  a 
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portion  of  that  raised  by  the  pumping  engine  which  drained  the  tunnel,  and  the  jet  was  thrown 
into  the  bore-hole  under  a  pressure  of  about  80  lbs.  per  sq.  in. 

The  mode  of  fixing  the  boring-tool  D  in  the  piston-rod  K  is  shown  in  Figs.  1113  to  1115.  The 
fixing  of  the  tool  is  a  very  important  point  in  the  working  of  the  machine,  in  order  to  ensure  a 
thoroughly  secure  fixing  and  at  the  same  time  the  means  of  readily  and  quickly  changing  the 
tool.  The  tool  D  is  dropped  into  a  socket  in  the  end  of  the  piston-rod  K,  and  the  parallel  cotter  X 
being  then  passed  through  is  fixed  by  the  screwed  gland  Y,  which  presses  the  tool  home  to  the 
bottom  of  the  socket,  and  secures  the  cotter  endways  by  entering  into  the  two  notches  in  the  front 
edge.  The  gland  Y  is  prevented  from  turning  back  by  a  ratchet  and  spring  Z  ;  and  for  releasing 
the  tool  the  spring  is  held  back  by  a  stud  while  the  gland  is  unscrewed. 

Several  different  forms  of  boring-tools  have  been  tried  with  the  machine,  but  the  results  of 
experience  have  led  to  the  adoption  of  the  two  forms  only  that  are  shown  in  Figs.  1113  to  1119. 
The  rose-tool,  Figs.  1113,  1117,  having  two  chisel-edges  at  right  angles  to  one  another,  is  found 
the  best  form  for  commencing  the  hole  and  boring  the  first  9  or  10  in.  length.  The  shape  of  this 
tool,  in  conjunction  with  the  continuous  rotary  motion  given  to  it  between  each  stroke,  prevents 
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it  from  being  led  away  sideways  when  it  meets 
with  a  vein  of  quartz  harder  than  the  rest  of 
the  rock  and  lying  much  inclined  to  the  direc- 
tion of  the  hole.  The  second  tool,  Figs.  1116, 
1118,  used  for  completing  the  hole,  is  a  chisel 
formed  with  the  cutting-edge  in  three  bevels  a 
little  inclined  to  one  another  in  both  directions. 
The  chisel  shown  in  Figs.  1114,  1119,  was  found 
the  best  for  boring  straight,  but  it  could  not  be 
made  to  stand  well,  and  was  consequently  aban- 
doned. A  hollow  tool  has  also  been  tried,  into 
which  was  inserted  a  water-jet  ;  and  the  exhaust 
air  from  the  cylinder  was  also  turned  into  it, 
which  blew  the  water  out  from  the  point  of  the 
tool  into  the  hole  with  considerable  force.  This 
was  found  a  most  excellent  plan  for  keeping  the 
hole  clean  ;  but  in  consequence  of  its  complica- 
tion and  the  liability  of  the  jet-orifice  to  become 
choked  up  with  deposit  from  the  water  em- 
ployed, it  was  abandoned,  and  the  separate 
water-jet  already  described  was  substituted. 

The  frame  and  carriage  for  this  boring  ma- 
chine are  shown  in  Figs.  1120,  1121.  The  tra- 
versing carriage  A  is  made  very  low,  in  order 
to  allow  of  readily  removing  the  debris  from 
blasting  ;  and  upon  it  is  mounted  the  upright  pillar  B,  capable  of  swivelling  round  upon 
and  having  means  for  clamping  it  securely  between  the  top  and  the  bottom  of  the  t 
working  cylinder  C  with  the  boring-tool  D  is  carried  by  the  transverse  frame  or  rest 
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extremity  of  the  horizontal  jib  F  projecting  from  the  centre  pillar  B.  The  arm  G  carrying  the  boring 
cylinder  C  can  be  traversed  into  any  position  in  the  frame  E  by  means  of  a  screw-motion  worked 
by  the  hand-wheel  H  ;  while  the  frame  E  can  itself  be  turned  round  upon  the  axis  of  the  horizontal 
jib  F  by  the  hand-wheel  I  working  the  worm-wheel  J,  and  the  jib  F  can  be  lengthened  or  shortened 
by  the  hand-wheel  K.  By  this  means  the  boring  cylinder  C  can  be  adjusted  to  any  part  of  the 
face  of  the  tunnel  ;  and  the  spherical  trunnion  by  which  the  boring  cylinder  is  carried  in  the  arm 
G  allows  of  its  being  placed  to  bore  in  any  position  and  direction.  These  several  adjusting  move- 
ments enable  the  tool  to  bore  the  holes  in  the  exact  line  the  miners  may  wish  to  place  the  shot, 
as  the  boring  cylinder  can  work  either  upwards,  downwards,  sideways,  or  at  any  inclination;  and 
all  the  movements  are  at  all  times  central  and  within  easy  reach  of  the  attendant,  whatever  may 
be  the  direction  or  position  of  working. 

The  transverse  frame  or  rest  E  is  provided  at  each  end  with  a  pair  of  projecting  steel  points 
L  L,  which  can  be  lengthened  or  shortened  so  as  to  clamp  the  rest  securely  against  the  rock, 
thereby  relieving  the  horizontal  jib  F  and  the  pillar  B  from  the  shocks  produced  by  the  blows  of 
the  boring-tool.  The  steel  points  L  L  are  attached  to  pistons  inside  the  columns  of  the  rest  E  ; 
and,  by  admitting  the  compressed  air  between  the  pistons,  the  points  are  caused  to  strike  out 
against  the  sides  of  the  tunnel,  and  are  then  secured  by  self-locking  catches.  It  is  generally  found 
sufficient,  however,  simply  to  wedge  the  hind  wheels  of  the  carriage  in  order  to  render  the  whole 
perfectly  steady,  without  any  necessity  for  clamping  the  carriage  and  rest  against  the  rock. 

The  compressed  air  for  working  the  boring  machine  is  supplied  by  an  Air-compressing  Engine 
at  the  top  of  the  shaft,  driven  by  a  small  portable  steam-engine.  The  air-compressing  engine  is 
shown  in  Figs.  1122  to  1126,  and  consists  of  two  horizontal  compressing  cylinders  A  A,  Fig.  1122, 
fitted  with  air-tight  pistons  packed  with  brass  rings  or  cupped  leathers,  Fig.  1124.  On  each 
end  of  the  cylinder  A  are  upright  chambers  C  C,  and  on  the  top  of  each  chamber  are  a  pair  of 
inlet  and  delivery  air-valves,  so  that  there  are  two  inlet-valves  T)  D  and  two  delivery-valves  E  E 
to  each  compressing  cylinder  ;  these  valves  are  circular,  and  fit  air-tight  upon  conical  faces,  as 
seen  in  Figs.  1124,  1125.  The  four  inlet-valves  D  D  are  each  suspended  from  a  lever  F,  and  in 
the  original  construction  there  was  simply  a  weight  on  the  outer  end  of  the  lever  to  cause  the 
valve  to  shut  when  the  piston  B  had  drawn  in  sufficient  air  to  fill  the  chamber  C  ;  it  was  found, 
however,  that  the  valves  did  not  work  very  steadily  with  the  levers  and  weights,  and  they  also  shut 
before  the  piston  reached  the  end  of  the  stroke,  so  that  part  of  the  stroke  was  wasted  in  uselessly 
expanding  the  air  in  the  chamber  C.  A  cam  G,  Fig.  1125,  worked  from  the  crank-shaft  H,  was 
therefore  added  to  each  of  the  valve-levers  F  ;  and  the  cam  opens  the  inlet-valve  at  the  commence- 
ment of  each  forward  or  suction  stroke  of  the  piston,  and  keeps  it  open  till  the  commencement  of 
the  return  or  compressing  stroke,  when  the  valve  is  shut  suddenly  by  the  weight  ;  and  this 
arrangement  has  proved  quite  satisfactory.  The  delivery-valves  E  E  are  shut  by  the  back-pressure, 
as  soon  as  the  compressed  air  is  all  forced  out  of  the  chambers  C  ;  they  deliver  the  air  into  the 
air-vessels  J,  which  are  for  the  purpose  of  equalizing  the  pressure  of  the  air  under  the  varying 
pressure  of  the  stroke.  A  pipe  K  from  each  of  the  two  air-vessels  conveys  the  compressed  air  to  a 
large  wrought-iron  receiver,  from  which  it  is  supplied  for  working  the  boring  machine. 

The  two  air-compressing  cylinders  A  A,  Figs.  1122,  1124,  are  each  14  in.  diameter  with  18  in. 
length  of  stroke,  and  are  placed  at  each  end  of  a  cast-iron  bed-plate  ;  the  pistons  are  worked  by 
connecting-rods  from  the  double  cranks  H  at  right  angles  to  each  other,  which  receive  motion 
from  the  countershaft  L  driven  by  the  steam-engine.  By  employing  two  cylinders  of  half  area 
each  for  compressing  the  air,  worked  by  cranks  at  right  angles  to  each  other,  instead  of  a  single 
larger  cylinder,  an  advantage  is  gained  in  delivering  the  compressed  air  to  the  receiver  more 
uniformly,  and  also  the  strain  on  the  working  parts  is  more  evenly  divided.  The  cylinders  A  are 
filled  with  water,  which  rises  at  each  stroke  to  the  top  of  the  upright  chambers  C  C,  and  the 
surplus  water  is  forced  through  the  delivery-valves  E,  the  object  being  to  fill  up  every  space  with 
water  at  the  end  of  the  stroke,  and  so  ensure  every  particle  of  air  being  forced  through  the 
delivery-valves.  To  allow  for  leakage  and  waste  of  water,  a  supply  is  kept  constantly  flowing 
into  the  inlet-valves  D  from  the  small  pipe  M,  regulated  by  a  tap  ;  and  the  water  forced  through 
the  delivery-valves  at  each  stroke  keeps  the  air-vessels  J  J  constantly  filled  with  water  up  to  the 
mouth  of  the  pipe  K,  so  that  the  compressed  air  is  kept  quite  cool.  The  surplus  water  passing 
into  the  pipe  K,  slowly  accumulates  in  the  large  air-receiver,  out  of  which  it  is  discharged 
occasionally 
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The  crank-shaft  H  is  driven  at  22  -revolutions  a  minute,  and  at  each  stroke  the  piston  draws 
in  the  air  through  the  inlet-valve  at  one  end  of  the  cylinder,  and  compresses  the  air  to  six  atmo- 
spheres, or  90  lbs.  the  sq.  in.,  at  the  other  end  of  the  cylinder,  discharging  the  compressed  air 
through  the  delivery-valve  to  the  receiver.  The  minimum  pressure  maintained  in  the  air-receiver 
is  75  lbs.  the  sq.  in.,  and  the  maximum  125  lbs.,  the  average  being  about  85  lbs.  the  sq.  in. 
From  the  receiver  the  compressed  air  is  conveyed,  by  cast-iron  pipes  with  india-rubber  joints,  up  to 
within  50  ft.  of  the  boring  machine.  It  is  then  conveyed  to  the  machine  through  an  india-rubber 
pipe  made  with  six-ply  canvas,  and  about  100  ft.  long,  which  allows  the  boring  machine  to  be 
advanced  or  drawn  back  without  undoing  a  single  joint. 

This  boring  machine,  of  which  a  longitudinal  and  transverse  section  are  shown  in  Figs.  1120, 
1121,  was  employed  in  the  construction  of  the  Roundwood  Tunnel  for  the  Dublin  Corporation 
Water-works,  where  it  bored  the  holes  for  blasting  at  one  of  the  working  faces.  The  tunnel 
is  rectangular,  5  ft.  wide  and  G  ft.  high,  and  is  carried  through  Cambrian  rock  of  a  remarkably 
hard  and  difficult  character,  interspersed  with  quartz  veins.  Six  shot  holes  of  20  in.  depth  were 
usually  fired  at  each  blast,  and  these  six  holes  of  If  in.  diameter  were  all  bored  by  the  machine 
in  about  3J  hours;  two  chisels  were  used  for  each  hole,  which  required  fresh  grinding  before  being 
again  used.  With  hand- work,  however,  each  of  the  same  holes  takes  2|  to  3  hours  for  drilling, 
and  requires  usually  about  fifteen  fresh  tools  before  it  can  be  completed.  The  practical  value  of 
this  remarkable  saving  of  time  that  is  effected  by  the  use  of  the  machine  is  specially  experienced 
in  such  work  as  tunnelling  or  other  rock-blasting,  where  saving  of  time  is  of  such  great  import- 
ance both  in  expediting  and  economizing  the  work.  The  average  rate  at  which  the  very  hard 
rock  was  bored  by  the  machine  at  the  Roundwood  Tunnel  was  about  1  in.  a  minute  :  and  it  has 
been  found  as  the  result  of  experience  with  the  machine  that  it  bores  quicker  and  keeps  the 
edge  on  the  tool  better  by  striking  with  less  force  of  blow  but  with  greater  rapidity.  The 
number  of  blows  has  been  increased  from  250  to  500  or  600  blows  a  minute,  and  the  result  is 
that  one  hole  is  now  bored  with  two  tools  without  re-sharpening,  instead  of  using  five  or  six  tools, 
as  formerly  ;  and  with  one  tool  a  hole  of  26  in.  depth  was  bored  in  the  Dalkey  granite  without 
re-sharpening. 

The  following  are  the  results  of  working  in  the  Dalkey  granite  : — 

1st  hole,  24 1  inches  deep,  in  11  minutes  10  seconds. 
2nd   „     19|      „  „  14        „         ..        „ 

3rd    „       9        „  „  5        „        55       „ 

4th    „       4i       „  „  2        „        10       „ 

5th    „       9         „  „  7        „        35       „ 

6th    „       9        „  5        „        25       „ 

The  following  are  the  results  of  working  in  the  remarkably  hard  rock  of  the  tunnel  at  Round- 
wood,  Wicklow  : — 

8J  inches  depth,  in  3£  minutes. 
1st  hole     ..  I    6        „  „  8 


9  ,,  ,,  d 


4th  hole        /  ^  inches  depth,  in  6  minutes. 
\    9        „  „  3        „ 


5th  hole 


Total      ..     19    „  „  9 

¡m     „        „        4 

I    8        „  „  4J 


Total       ..    18*  „  „  8J„ 

6th  hole         ..    14  „  „  10    „ 


Total       ..    23|„ 
2nd  hole   ..  i1* 

Total       ..     21    „ 

3rd  hole    ..  (    *¡ 

I    y         i«  f> 

Total       ..    15    „ 

The  average  at  which  the  machine  continued  to  bore  was,  for  the  first  portion  of  the  hole,  10 
and  1 1  in.  depth  in  4£  to  8  minutes  ;  and  for  the  second  portion,  9  and  9£  in.  depth  in  3  to  3* 
minutes. 

The  following  special  points  of  advantage  have  been  experienced  in  this  boring  machine  ;  and 
these  may  be  considered  as  essential  conditions  to  be  fulfilled  in  a  good  machine  for  the  purpose 
of  boring  in  hard  descriptions  of  rock,  and  for  standing  satisfactorily  the  special  wear  and  tear  to 
which  such  machines  are  necessarily  subjected. 

The  boring  part  of  the  machine  with  the  tool  is  made  very  short,  so  as  to  allow  it  to  work  in 
any  direction  and  position  in  the  tunnel,  in  order  that  the  blast  of  the  hole  bored  may  displace 
the  largest  amount  of  rock.  The  carriage-frame  carrying  the  working  cylinder  is  also  very 
compact,  occupying  little  space,  and  allowing  the  cylinder  to  be  quickly  adjusted  into  any  desired 
position. 

The  reciprocating  parts  are  very  few  in  number,  and  are  in  the  direct  line  of  the  blow  ;  these 
are  only  the  piston  and  rod  in  one  piece  of  steel,  and  the  tool  secured  in  the  piston-rod  so  as  to 
allow  no  play.  Moreover,  in  order  to  prevent  crystallization  of  the  parts  exposed  to  the  direct 
concussion,  a  cushion  of  air  is  provided  at  the  back  of  the  working  cylinder,  which  also  relieves 
the  carriage-frame  from  the  shocks  of  the  blows.  Also,  the  tool  being  made  to  reciprocate  with  the 
piston,  the  hole  is  more  easily  kept  free  from  the  débris  than  when  the  tool  is  stationary  and 
receives  blows  from  a  detached  piston,  as  in  other  descriptions  of  boring  machines  ;  and  the  strong 
water-jet  playing  into  the  hole  is  found  to  keep  it  quite  clear  during  the  process  of  boring. 

The  advance  of  the  tool  is  self-acting,  and  exactly  at  the  same  rate  that  the  tool  is  cutting, 
however  variable  may  be  the  nature  of  the  rock  ;  and  whether  the  tool  is  cutting  at  the  rate  of 
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3  in.  a  minute  in  one  part  of  the  hole,  or  only  1  in.  a  minute  in  another  part,  the  advance  given  to 
the  tool  is  exactly  at  the  same  rate  that  the  boring  progresses  in  each  case  ;  so  that  there  is  no 
risk  of  the  piston  at  any  time  working  beyond  its  proper  range  of  stroke,  and  striking  the 
clyinder-cover.  The  advance  motion  for  the  tool  is  obtained  from  the  pressure  that  drives  the 
piston,  without  the  use  of  propelling  gear,  the  absence  of  which  greatly  increases  the  durability 
of  the  machine.  The  turning  motion  for  the  tool  also,  being  connected  to  the  stationary  outer 
cylinder,  is  freed  from  the  source  of  derangement  that  would  arise  from  the  rapidity"  of  the 
Mows  of  the  tool  if  the  turning  motion  were  connected  to  the  reciprocating  part.  Thè  motion 
or  working  the  valve  is  gradual  and  easy  in  its  action,  so  that  a  very  rapid  action  is  obtained 
without  any  destructive  shocks.  The  outer  end  of  the  tool  is  guided  in  a  bearing,  to  prevent  it 
from  working  to  one  side,  and  getting  jammed  when  meeting  with  an  oblique  vein  of  harder 
material. 

The  machine  is  arranged  so  that  it  can  be  brought  to  work  again  immediately  after  a  set  of 
holes  have  been  blasted  and  before  the  debris  is  removed,  which  can  be  done  whilst  the  machine  is 
at  work,  the  material  being  carried  or  thrown  through  the  clear  space  left  by  the  carriage-frame  ; 
and  a  jet  of  air  being  left  open  near  the  face  at  the  time  of  explosion  soon  dilutes  and  clears'  off  the 
gases  resulting  from  the  explosion  of  the  powder.  This  saves  much  of  the  loss  of  time  which  occurs 
with  other  machines  in  removing  the  debris  before  the  machine  can  be  set  to  work  again.  The 
compressed  air,  on  being  discharged  from  the  boring  cylinder,  also  serves  effectively  to  ventilate 
the  workings,  and  supplies  fresh  air  to  the  miners. 

Bergstrcem's  Boring  Machine. — This  boring  machine.  Figs.  1127  to  1132,  which  is  now  being 
used  at  the  Perseberg  mines,  near  the  town  of  Philipstad,  in  Sweden,  is  a  modification  of  that 
constructed  by  Schumann,  of  Freiberg. 

The  machine  consists  of  a  cast-iron  cylinder  A,  Fig.  1127,  4|  in.  in  diameter,  in  which  the 
piston  B,  and  at  the  same  time  the  borer  fixed  in  the  socket  C,  is  moved  by  compressed  air.  The 
length  of  the  stroke  is  7  in.  The  compressed  air  enters  by  a  pipe  at  D,  and  then  passes  through 
one  of  the  ports  E  into  the  cylinder,  and  moves  the  piston  backwards  and  forwards.  F  and  F  are 
two  single-acting  cylinders,  in  which  the  pistons  O  L,  and  their  common  piston-rod,  are  moved  by 
air.  K  is  the  slide-valve,  which  is  pushed  backwards  and  forwards  by  bosses  on  the  piston-rod, 
in  order  to  make  the  air  act  sometimes  on  one  side  of  the  piston  and  sometimes  on  the  other.  By 
means  of  the  nuts  at  L,  the  position  of  the  slide-valve  on  the  valve-face  is  determined,  and  con 
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sequently  at  the  same  time  the  entry  of  the  air.  M  is  a  guide  for  the  slide-valve.  On  the 
valve-rod  the  cross-head  N  is  keyed,  which,  by  means  of  two  connecting-rods  o,  sets  in  motion 
the  fly-wheel  P,  its  axle,  and  the  worm  Q,  which  has  been  formed  on  it.  The  screw  takes  into 
the  worm-wheel  R,  which  thus  causes  the  spindle  S  to  rotate.  The  spindle  S  has  on  each 
side  a  groove,  in  which  feathers,  dovetailed  into  the  hollow  piston-rod  C,  can  readily  move,  and 
thus  when  the  spindle  turns  it  causes  the  rotation  of  the  piston  and  consequently  also  of  the 
borer. 

The  machine  hangs  from,  or  may  be  supported  by,  a  bar  T  having  a  thread  cut  on  it.  In 
order  to  prevent  the  machine  from  turning  on  the  bar  T,  the  thread  is  cut  away,  as  shown  on 
the  cross-section  and  plan.  By  means  of  the  screws  U  and  U,  the  rod  is  firmly  forced  against 
the  rock.  The  advance  of  the  machine  is  effected  by  hand,  by  working  a  winch-handle  X,  which 
actuates  a  mitre-wheel  Y,  which  gears  into  another  mitre-wheel  on  the  nut  W.  This  nut  W  is 
held  between  two  lugs  cast  on  the  cylinder,  and  therefore  as  the  nut  is  caused  to  rotate  the 
machine  advances  or  retires.  The  machine  gives  200  to  300  and  even  350  blows  a  minute,  and 
the  borer  makes  one  entire  turn  for  22  blows. 

Strut. — In  order  to  furnish  a  point  of  support  for  the  screws  U,  a  wooden  strut,  Fig.  1130,  pro- 
vided with  an  iron  at  its  upper  end  and  at  its  lower  with  an  adjustable  screw  and  tripod,  is 
firmly  fixed  across  the  level. 

1129.  1130. 


It  will  now  be  readily  understood  that  the  machine  can  be  fixed  in  any  position,  and  con- 
sequently holes  can  be  bored  in  all  directions.  It  takes  two  men  to  put  up  the  machine,  and  one 
to  attend  to  it.    The  other  man  can  be  boring  by  hand  in  the  meantime. 

Air-compressor. — At  the  Perseberg  mines  the  machine  is  worked  by  compressed  air.  The  air- 
compressor,  Figs.  1131,  1132,  was  designed  by  Professor  Angström.  It  consists  of  two  vertical 
iron  barrels,  15 J  in.  in  diameter  and  about  8  ft.  high,  communicating  with  one  another  at  the 
bottom  by  a  chamber. 

The  upper  end  of  each  barrel  is  provided  with  a  valve-box  having  two  valves,  one  opening 
inwards,  for  the  admission  of  air,  and  the  other  outwards  into  the  delivery-box,  for  the  eduction  of 
air.  In  one  barrel  a  piston  is  made  to  work  up  and  down,  and  in  order  to  deliver  every  particle 
of  air  at  each  stroke,  and  to  keep  the  barrels  cool,  a  quantity  of  water  is  placed  inside  the  pump, 
which  at  each  stroke  entirely  fills  up  the  valve-box,  and  thus  expels  the  whole  of  the  air  from  the 
pump.  The  other  barrel  has  no  piston  working  in  it,  but  is  also  filled  with  water,  which  is  caused 
to  rise  and  fall  as  the  piston  goes  down  and  up.  This  water  also  forces  out  all  the  air  from  the 
barrel  and  valve-box  at  each  stroke.  The  piston-rod  is  connected  to  the  main  rod  of  the  pumping 
engine,  and  is  provided  with  a  cross-head,  from  which  a  weight  is  suspended  by  rods.  The  stroke 
is  7  ft.  Four  strokes  a  minute  furnish  enough  air  for  one  boring  machine.  The  air  must  be  com- 
pressed to  15  lbs.  or  20  lbs.  a  sq.  in.,  which  corresponds  to  an  excess  pressure  of  1  or  1£  atmosphere. 
If  such  a  pressure  cannot  be  had,  no  good  results  arc  obtained. 

This  air-compressor  is  specially  constructed  for  places  where  the  power  is  derived  from  the 
main  rod  of  the  pumps..  It  is  considered  that  5  or  G  horse-power  would  be  required  to  drive  an 
air-compressor.  In  the  Perseberg  adit  the  air-compressor  is  from  GO  to  70  fathoms  from  the  end  ; 
there  is  no  regulator. 

Pipes. — The  air  is  conducted  from  the  compressor  along  the  level  by  cast-iron  flange-pipes,  4  in. 
in  diameter  and  9  ft.  long,  with  a  small  spigot  and  socket,  the  joints  being  made  with  tar,  mixed 
with  finely-powdered  brick  and  lime. 

These  pipes  conduct  the  air  very  nearly  to  the  end,  and  the  air  is  finally  brought  into  the 
machine  by  some  30  ft.  of  india-rubber  pipe,  3  in.  in  diameter  and  -¿\  in.  thick. 

F.  B.  Doering's  rock-boring  machine,  Figs.  1133  to  1138,  has  an  eifective  means  of  regulating 
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the  forward  movement  of  the  main  cylinder  in  which  the  piston  carrying  the  tool  works  as  the 
work  progresses.  A  piston-valve  a  regulates  the  supply  of  water  or  other  fluid  to  and  it's  outlet 
from  a  pair  of  cylinders  b  b,  attached  to  the  main  cylinder  c,  the  valve  a  being  worked  by  a  piston 
in  a  cylinder  by  motive  fluid  distributed  from  the  main  cylinder  to  the  small  cylinder  d  the  piston 
of  which  is  connected  to  the  valve.    Instead  of  attaching  the  adjacent  cylinders  to' the  boring 


1131. 


1132. 


cylinder,  the  pistons  of  these  cylinders  may  be  attached  to  the  working  or  boring  cylinder,  the 
adjacent  cylinder  in  this  case  being  fixed.  The  adjacent  cylinders  b  b  have  each  a  fixed  piston  *, 
and  a  supply  of  compressed  air  may  be  maintained  at  the  front.  So  much  of  each  of  the  cylinders 
as  is  behind  the  piston  or  pistons  is  filled  with  water.  A  tube  connected  at  /  leads  from  the 
piston-valve  a  to  a  reservoir  containing  this  water  or  fluid. 

The  action  of  the  engine  ia  as  follows  ¡—Supposing  the  main  cylinder  c  and  adjacent  cylin- 
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ders  b  b  are  at  the  back  end  of  their  travel  ;  whenever  the  tool,  as  it  continues  to  work,  has  cut  to  a 
sufficient  depth  to  allow  the  main  piston  to  uncover  a  port  in  the  main  cylinder  communicating 
with  the  cylinder  of  the  piston- vai  ve  a,  this  valve  moves  and  allows  part  of  the  water  in  the  adja- 
cent cylinders  b  b  to  escape  under  the  pressure  of  the  compressed  air  on  the  other  side  of  the  fixed 
pistons  e  e,  or  under  the  pressure  due  to  the  weight  of  the  machine  if  the  same  is  working  down- 
wards. The  adjacent  cylinders  and  main  cylinders  are  thus  caused  to  advance,  and  this  advance 
takes  place  intermittently,  according  to  the  quantity  of  water  which  escapes  from  the  valve,  until 
they  reach  the  forward  end  of  their  travel.  A  cock  at  the  front  part  of  the  adjacent  cylinders  is 
then  opened  to  let  out  the  compressed  air,  and  pressure  is  exerted  on  the  water  in  the  reservoir  to 
force  the  water  through  the  valve  into  the  adjacent  cylinders,  the  small  cylinder  d  exhausting  into 
the  main  cylinder  to  allow  the  valve  a  to  be  moved  by  the  pressure  of  the  water,  the  piston  of  the 
main  cylinder  being  put  into  the  required  position.  The  pressure  of  the  water  in  the  adjacent 
cylinders  causes  them  and  the  main  cylinder  c  to  run  back  on  their  supporting-bars  to  recommence 
their  forward  travel  ;  the  valve  a  is  then  closed,  the  cock  at  the  front  end  of  the  adjacent  cylinders 
reversed,  and  the  pressure  in  the  water  reservoir  removed. 

When  the  engine  is  working  vertically  or  nearly  so,  the  employment  of  compressed  air  in  the 
adjacent  cylinders  may  be  dispensed  with,  as  the  weight  of  the  engine  will  be  sufficient  to  effect 
the  feed  as  the  tool  cuts.  Again,  instead  of  compressed  air  in  the  adjacent  cylinders,  a  vacuum 
may  be  created  in  the  water  reservoir  connected  with  the  valve.  This  application  of  water  to 
regulate  the  advance  of  a  boring  engine  may  be  applied  directly  to  the  advance  of  the  boring-tool, 
as  shown  in  Fig.  1137,  the  cylinder  a  being  stationary,  and  the  piston-rod  b  forming  a  cylinder  in 
which  a  piston  c  attached  to  the  boring-tool  moves.  Water  is  placed  in  the  front  portion  of  the 
piston-rod  at  /,  and  a  pressure  of  the  motive  fluid  acting  on  the  back  of  the  piston  being  con- 
stantly supplied  through  h  to  keep  it  pressed  against  the  water  so  as  to  advance  when  the  water 
or  a  portion  of  it  is  discharged  through  k.  In  this  case,  the  valve  for  the  discharge  is  formed  by 
the  piston.  This  discharge  can  only  take  place  when  the  tool  has  penetrated  to  such  a  depth  as 
to  allow  the  port  k  to  communicate  with  m.  A  circular  groove  is  cut  in  the  piston  at  k  to  regulate 
or  adjust  the  engine  for  working  in  materials  of  different  hardness  or  softness. 

The  ports  g  g  g,  Fig.  1133,  in  the  main  cylinder  are  formed  at  various  distances  from  the  cylinder 
end,  and  communicate  with  the  passage  leading  to  the  advance  cylinder  d  through  a  cock  common 
to  all  these  ports.  According  to  whether  the  material  operated  upon  necessitates  a  short  or  long 
stroke,  the  cock  is  turned  to  open  the  way  between  the  advance  cylinder  and  one  or  other  of  the 
ports,  to  produce  the  advance  of  the  engine  when  the  main  piston  has  passed  this  port  in  its  stroke. 
Instead  of  employing  a  cock  common  to  all  these  ports,  the  inventor  has  provided  plugs  by  which 
he  can  close  all  the  ports  except  the  one  required  for  work.  It  is  also  sometimes  desirable  to  alter 
the  position  of  the  ports  in  the  main  cylinder  for  working  the  valve;  this  may  be  effected  by  a 
cock  h  arranged  similarly  to  that  before  described,  or  the  communication  between  the  cylinder  and 
its  valve-piston  may  be  throttled  or  wire-drawn. 

For  the  purpose  of  securing  the  tool  in  the  end  of  the  piston-rod,  Doering  threads  the  end  of 
the  piston-rod  to  receive  a  nut  a,  Fig.  1135,  and  makes  the  position  of  the  ordinary  key  b  adjustable. 
The  nut  a  is  screwed  up  and  the  key  driven  in,  thus  enabling  him  to  dispense  with  the  washers 
usually  employed.  In  some  cases  grooves  c,  Fig.  1136,  are  formed  in  the  nut  to  keep  it  from 
turning.  A  nut  is  also  employed  on  the  inner  end  of  the  tool-head,  Fig.  1138,  and  the  main 
piston-rod  formed  hollow  so  as  to  pass  the  tool  down  it  and  secure  it  by  a  nut  and  key,  as  in 
Fig.  1135. 

Mather  and  Piatt's  Boring  Machine. — The  construction  of  the  boring-head  and  shell-pump,  and 
the  mode  of  acquiring  the  percussive  motion,  constitute  the  chief  novelties  of  the  system  and 
machine,  shown  in  Figs.  1139  to  1142.  The  couple-cylinder  engine,  with  the  reversing  or  link 
motion,  is  used  for  winding  and  lowering  the  apparatus  ;  but  an  ordinary  winding  engine,  similar 
to  those  used  in  collieries,  may  be  applied. 

The  boring-head  consists  of  a  wrought-iron  bar,  about  8  ft.  long,  on  the  lower  part  of  which  is 
fitted  a  block  of  cast  iron,  in  which  the  chisels  or  cutters  are  firmly  secured.  Above  the  chisels  an 
iron  casting  is  fixed  to  the  bar,  by  which  the  boring-head  is  kept  steady  and  perpendicular  in  the 
hole.  A  mechanical  arrangement  is  pro\sided,  by  which  the  boring-head  is  compelled  to  move 
round  a  part  of  a  revolution  at  each  stroke.  The  loop  or  link  by  which  the  boring  apparatus  is 
attached  to  the  fiat  wire  rope  is  secured  to  a  loose  casting  on  the  wrought-iron  bar,  with  liberty  to 
move  up  and  down  about  6  in.  A  part  of  this  casting  is  of  square  section,  but  twisted  about  one- 
fourth  of  the  circumference.  This  twisted  part  moves  through  a  socket  of  corresponding  form  on 
the  upper  part  of  a  box,  in  which  is  placed  a  scries  of  ratchets  and  catches,  by  which  the  rotary 
motion  is  produced.  Two  objects  are  here  accomplished — one  the  rotary  motion  given  to  the 
boring-head,  the  other  a  facility  for  the  rope  to  descend  after  the  boring-head  has  struck,  and  so 
prevent  any  slack  taking  place,  which  would  cause  the  rope  to  danglo  against  the  side  of  the  hole, 
¡nid  become  seriously  injured  by  chafing. 

The  shell-pump,  Fig.  1141,  is  a  cylinder  of  cast  iron,  to  the  top  of  which  is  attached  a  wrought- 
iron  guide.  The  cylinder  is  fitted  with  a  bucket  similar  to  that  of  a  common  lifting  pump,  with 
an  india-rubber  valve.  At  the  bottom  of  the  cylinder  is  a  clack,  which  also  acts  on  the  same 
principle  as  that  in  a  common  lifting  pump,  but  it  is  slightly  modified  to  suit  the  particular 
purpose  to  which  it  is  here  applied.  The  bottom  clack  is  not  fastened  to  the  cylinder,  but 
works  in  a  frame  attached  to  a  rod  which  liasses  through  the  bucket,  and  through  a  wrought- 
iron  guide  at  the  top  of  the  cylinder,  and  is  kept  in  its  place  by  a  cotter,  which  passes  through 
a  proper  slot  at  the  top  of  the  rod.  The  pump-rod,  or  that  by  which  the  bucket  is  worked, 
is  made  of  a  forked  form,  for  the  twofold  purpose  of  allowing  the  rod  to  which  the  bottom  clack 
is  attached  to  pass  through  the  bucket,  and  also  to  serve  as  the  link  or  loop  by  which  the  whole  is 
suspended. 

Tho  wrought-iron  guide  is  secured  to  the  top  of  the  cylinder,  and  prevents  the  bucket  from 
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being  drawn  out  when  the  whole  is 
so  suspended.  The  bottom  clack 
also  is  so  arranged  that  it  is  at 
liberty  to  rise  about  6  in.  from  its 
seating,  so  as  to  allow  large  frag- 
ments of  rock,  or  other  material,  to 
have  free  access  to  the  interior  of 
the  cylinder  when  a  partial  vacuum 
is  formed  there  by  the  up-stroke  of 
the  pump. 

The  percussive  motion  is  pro- 
duced by  means  of  a  steam-cylinder, 
which  is  fitted  with  a  piston  of  15  in. 
diameter,  having  a  rod  of  cast  iron 
7  in.  square,  branching  off  to  a  fork, 
in  which  is  a  pulley  of  about  3  ft. 
in  diameter,  of  sufficient  breadth  for 
the  rope  to  pass  over,  and  with 
flanges  to  keep  it  in  its  place.  As 
the  boring -head  and  piston  will 
both  fall  by  their  own  weight  when 
the  steam  is  shut  off  and  the  ex- 
haust-valve opened,  the  steam  is 
admitted  only  at  the  bottom  of  the 
cylinder  ;  the  exhaust-port  is  a  few 
inches  higher  than  the  steam-port, 
so  that  there  is  always  an  elastic 
cushion  of  steam  of  that  thickness 
for  the  piston  to  fall  upon. 

The  valves  are  opened  and  shut 
by  a  self-acting  motion  derived  from 
the  action  of  the  piston  itself;  and 
as  it  is  of  course  necessary  that 
motion  should  be  given  to  it  before 
such  a  result  can  ensue,  a  small  jet 
of  steam  is  allowed  to  be  con- 
stantly blowing  into  the  bottom  of 
the  cylinder  ;  this  causes  the  piston 
to  move  slowly  at  first,  so  as  to  take  r~p, 
up  the  rope,  and  allow  it  to  receive  '-' 
the  weight  of  the  boring-rod  by 
degrees,  and  without  a  jerk.  An 
arm  which  is  attached  to  the  piston- 
rod  then  comes  in  contact  with  a 
clam,  which  opens  the  steam-valve, 
and  the  piston  moves  quickly  to 
the  top  of  the  stroke.  Another 
clam,  worked  by  the  same  arm,  then 
shuts  off  the  steam,  and  the  ex- 
haust-valve is  opened  by  a  corre- 
sponding arrangement  on  the  other 
side  of  the  piston-rod.  By  moving 
the  clams,  the  length  of  the  stroke 
can  be  varied  at  the  will  of  the 
operator,  according  to  the  material 
to  be  bored  through.  The  fall  of 
the  boring-head  and  piston  can  also 
be  regulated  by  a  weighted  valve  on 
the  exhaust-pipe,  so  as  to  descend 
slowly  or  quickly,  as  may  be  re- 
quired. 

The  general  arrangement  of  the 
new  machine  may  be  described 
as  follows  : — The  winding-drum  i 
10  ft.  in  diameter,  and  is  capable 
of  holding  3000  ft.  of  fiat  wire  rope, 
4 1  in.  broad  and  \  in.  thick;  from 
the  drum  the  rope  passes  under  a 
guide-pulley,  through  a  clam,  and 
over  the  pulley  which  is  supported 
on  the  fork  end  of  the  piston-rod, 
and  so  to  the  end  which  receives  the 
boring-head,  which  being  hooked 
on  and  lowered  to  the  bottom,  the 
rope  is  gripped  by  the  clam.     A 
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small  jet  of  steam  is  then  turned  on,  causing  the  piston  to  rise  slowly  until  the  arm  moves  the  clam 
and  gives  the  full  charge  of  steam  ;  an  accelerated  motion  is  then  given  to  the  piston,  raisin«-  the 
boring-head  the  required  height,  when  the  steam  is  shut  off,  and  the  exhaust-valve  opened  in  the 
way  described,  thus  effecting  one  stroke  of  the  boring-head  as  regulated  by  a  back-pressure  valve 
in  the  exhaust-pipe.  The  exhaust-port  is  6  in.  from  the  bottom  of  the  cylinder  ;  when  the  piston 
descends  to  this  point  it  rests  on  a  cushion  of  steam,  which  prevents  any  concussion.  To  increase 
the  lift  of  the  boring-head,  or  compensate  for  the  elasticity  of  the  rope,  which  is  found  to  be  1  in. 
in  100  ft.,  it  is  simply  necessary  to  raise  the  clams  on  the  clam-shaft  whilst  the  percussive  motion 
is  in  operation.  The  clam  which  grips  the  rope  is  fixed  to  a  slide  and  screw,  by  which  means  the 
rope  can  be  given  out  as  required.  When  this  operation  is  completed,  and  the  strata  cut  up  by  a 
succession  of  strokes  thus  effected,  the  steam  is  shut  off  from  the  percussive  cylinder,  the  rope 
undamped,  the  winding  engine  put  in  motion,  and  the  boring-head  brought  up  and  slun'g  from  an 
overhead  suspension-bar  by  a  hook  fitted  with  a  roller  to  traverse  the  bar.  The  shell-pump, 
Fig.  1141,  is  then  lowered,  and  the  debris  pumped  into  it,  by  lowering  and  raising  the  bucket  about 
three  times,  which  the  reversing  motion  of  the  winding  engine  readily  admits  of;  it  is  then 
brought  to  surface  and  emptied  by  the  following  very  simple  arrangement.  At  a  point  in  the 
suspension-bar  a  hook  is  fixed  perpendicularly  over  a  small  table  in  the  waste  tank,  which  table 
is  raised  and  lowered  by  a  screw.  The  pump  being  suspended  from  the  hook  hangs  directly  over 
the  table,  which  is  then  raised  by  the  screw  till  it  receives  the  weight  of  the  pump.  A  cotter, 
which  keeps  the  clack  in  its  place,  is  then  knocked  out,  and  the  table  screwed  down.  •  The  bottom 
clack  and  the  frame  descending  with  it,  the  contents  of  the  pump  are  washed  out  by  the  rush  of 
water  contained  in  the  pump-cylinder.  The  table  is  again  raised  by  the  screw,  and  the  clack 
resumes  its  proper  position  ;  the  cotter  is  then  driven  into  the  slot,  and  the  pump  is  again  ready  to 
,be  lowered  into  the  hole  as  before.  It  is  generally  necessary  for  the  pump  to  descend  three  times, 
in  order  to  remove  all  the  de'bris  broken  up  by  the  boring-head  at  one  operation. 

The  following  facts  obtained  from  the  use  of  the  machine  in  boring  in  the  new  red  sandstone  at 
Manchester,  will  show  its  actual  performance,  and  enable  us  to  compare  it  with  the  other  systems. 
The  boring-head  is  lowered  at  the  rate  of  500  ft.  a  minute  ;  the  percussive  motion  is  performed  at 
the  rate  of  24  blows  a  minute,  and  being  continued  for  ten  minutes,  the  cutters  in  that  time 
penetrate  from  5  to  6  in.  ;  it  is  then  wound  up  at  300  ft.  a  minute.  The  shell-pump  is  then 
lowered  at  the  rate  of  500  ft.  a  minute,  the  pumping  continued  for  one  minute  and  a  half,  and 
being  charged,  the  pump  is  wound  up  at  300  ft.  a  minute.  It  is  then  emptied  and  the  operation 
repeated,  which  can  be  accomplished  three  times  in  ten  minutes,  at  a  depth  of  200  ft.  The  whole 
of  one  operation,  resulting  in  the  deepening  of  the  hole  5  to  6  in.,  and  cleansing  it  of  de'bris  ready 
for  the  cutters  or  boring-head  being  again  introduced,  is  seen  to  occupy  an  interval  of  20  minutes 
only. 

Blasting.— Gwupovrder  is  the  most  valuable  agent  for  excavation  ;  it  is,  however,  of  more 
service  in  the  work  of  extraction  than  in  that  of  preparation,  because  in  removing  the  minerals 
those  regular  forms  of  the  walls  are  not  required  which  distinguish  the  shaft  and  the  drift  from 
the  gallery.  Blasting-powder  is  employed  in  different  quantities  and  in  various  forms,  according 
to  circumstances.  In  slaty  open  rock,  in  rotten  brittle  shale,  and  in  loose  gravel,  it  is  of  no  use  ; 
but  in  hard  rock,  in  sandstone,  limestone,  and  similar  substances,  blasting  is  extremely  serviceable, 
and  often  reduces  the  prices  of  working  hard  rock  to  that  of  soft  material.  Gunpowder  is  of  most 
service  where  the  vein  has  a  seam  of  soft  mineral,  or  a  succession  of  cavities  on  one  side,  so  that 
a  blast  applied  at  the  opposite  termination  of  the  vein  may  remove  the  whole  thickness  of  it.  If 
the  soft  matter  or  the  cavities  are  in  the  middle  of  the  vein,  it  requires  always  two  blasts,  and  of 
course  the  drilling  of  two  holes,  as  well  as  two  charges  of  gunpowder,  to  remove  the  vein.  The 
amount  of  gunpowder  used  is  often  calculated  to  be  proportionate  to  the  amount  of  rock  removed, 
but  this  is  not  so  in  practice  ;  where  the  amount  of  matter  removed  is  limited,  the  consumption  of 
powder  increases  more  rapidly  than  the  quantity  of  rock  removed.  In  mines  which  have  a  largo 
quantity  of  shattered  rocks,  the  application  of  powder  is  limited  by  the  consideration  that  injury 
may  be  caused  to  other  parts  of  the  mine.  The  removal  of  thick  veins,  or  masses,  of  heavy  rock, 
also  veins  of  pyrites,  is  often  conducted  with  considerable  difficulty,  because  heavy  blasts  cannot 
conveniently  be  applied.  In  all  such  cases  it  is,  however,  the  cheapest  way  of  working  masses  ; 
and  if  holes  for  blasting  cannot  well  be  drilled,  they  can  be  formed  by  acids.  Pyrites  may  bo 
penetrated  by  nitric  or  muriatic  acid  ;  also  native  metals,  such  as  copper,  limestone,  and  magnetic 
iron  ore,  may  be  dissolved  by  any  acid — the  muriatic  is,  however,  the  most  generally  used.  In 
this  case  we  cannot  sink  any  other  form  of  hole  than  a  vertical  one.  The  manipulation  is  easily 
performed  by  setting  a  glass  tube  vertically  upon  the  rock,  and  providing  its  top  with  a  funnel 
and  apparatus,  so  as  to  let  in  the  acid  drop  by  drop.  If  the  pipe  is  close  fitting  to  the  rock,  and 
the  acid  poured  in  very  slowly,  the  hole  will  not  be  much  larger  than  the  glass-pipe.  The  tubo 
must  descend  with  the  bottom  of  the  hole,  and  be  always  close  to  it.  This  operation  works  very 
slowly  ;  but  in  pyrites,  or  compact  magnetic  iron  ore  which  cannot  be  penetrated  by  steel  tools,  it 
is  a  useful  method  of  preparing  a  hole  for  blasting.  When  heavy  masses  are  to  be  detached  by 
one  charge,  the  hole  may  be  made  wider  in  the  bottom  by  letting  down  the  acid  more  rapidly, 
which  will  spread  over  a  larger  surface  and  dissolve  a  greater  width.     See  GrNrowDER. 

We  will  now  give  one  example  of  firing  charges  of  gunpowder  by  means  of  a  fuze,  and  another 
by  a  voltaic  battery. 

Demolition  of  a  Fort  at  Furruckabad,  in  January,  1858  :  by  P.  IT.  Scratchley,  7?.  77.— The  fort  ordered 
to  be  destroyed  was  a  front  built  of  good  sound  brick  masonry,  consisting  of  two  solid  towers,  the 
left  one  being  54  ft.  in  height  and  the  other  36  ft.  high,  and  both  being  54  ft.  in  diameter,  con- 
nected by  a  revetted  curtain  130  ft.  long  and  34  ft.  in  height  ;  two  portions  of  revetment,  30  ft.  in 
length,  running  at  right  angles  to  the  curtain,  from  the  towers  on  each  side,  and  of  nearly  the 
same  height  as  the  curtain  ;  and  also  a  wall  160  ft.  long,  11  ft.  high,  and  2  ft.  thick,  forming  part 
of  an  enclosed  court-yard.     L  is  put  =  the  length  of  the  line  of  least  resistance  in  feet. 

2  il 
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The  project  for  the  demolition  of  the  front  was  as  follows  : — Two  charges,  with  lines  of  least 
resistance  18  ft.  long,  to  be  placed  in  each  of  the  towers,  3  ft.  in  advance  of  their  centres,  and  at 
one-lined  intervals,  Figs.  1143  to  1148.     Two  charges,  with  L  =  12  ft.,  to  be  placed  in  each  tower 


in  rear  of  the  angles  formed  by  the  tower  and  the  revetment.  The  remaining  portion  of  the  con- 
necting-curtain to  be  destroyed  by  charges,  with  L  =  10  ft.,  placed  at  2J-lined  intervals,  which 
required  6  more,  as  shown  in  Fig.  1143. 

In  the  towers,  galleries  with  returns  were  to  be  driven  at  nearly  equal  levels,  which  the 
nature  of  the  ground  favoured.  The  mines  in  the  revetment  were  to  be  formed  by  sinking  5  shafts, 
each  15  ft.  deep,  with  galleries  running  out  right  and  left  from  them  to  the  requisite  distances. 

The  charges  were  calculated  according  to  the  formula  for  strong  masonry  revetments  without 
counterforts,  placed  at  two-lined  intervals,  or  -^  L3.  As  native  powder  was  to  be  used,  there  was 
allowed  -§■  of  -^  L3>  or  -^  L3,  in  addition  to  ^the  proper  charges  of  English  powder,  making  the 
formula  ^_  L3  +  T¿-  L3  =  -^  IA 

Scratchley  was  also  directed  to  prepare  the  towers  at  the  entrance  gateway  for  demolition,  and 
he  carried  out  the  following  plan.  These  towers  were  28  ft.  in  diameter,  and  from  22  ft.  to  29  ft. 
high  on  the  outside  :  they  were  built  of  softer  masonry  than  the  others,  and  were  solid  only  to. a 
height  of  15  ft.  from  the  bottom.  A  shaft  was  to  be  sunk  in  the  centre  of  each  tower,  at  the  level 
of  the  ground  inside  (15  ft.  from  the  bottom),  12  ft.  deep;  and  small  galleries  were  to  be  driven 
right  and  left,  5  and  G  ft.  long  respectively.  The  charges  were  calculated,  as  above,  by  the 
formula  y1^  L3,  and  were  to  be  placed  so  that  their  lines  of  least  resistance  were  respectively  8  and 
9  ft.  long. 

The  following  journal  gives  the  particulars  of  the  work  executed. 

A  detail  of  officers  and  men  of  the  Engineer  Brigade  left  the  camp  at  Futtehghur  at  3  r.M., 
5th  January,  1858  : — 


Corps. 

Officers. 

Native 
Officers. 

Sergeants.    Corporals. 

Privates.  Bugler. 

Total. 

Remarks. 

Royal  Engineers 

Bengal  Engineers 

Bengal      Sappersi 
and  Miners     . .  / 

3 

2 

2 

2 
4 

5 

52 
33 

1 

63 
2 

39 

Lieut.  Scratchley,  R.E. 
„      Wynne,  R.E. 
„     Keith,  R.E. 
„      Lang,  B.E. 
„      Forbes,  B.E. 

Total    ..      .. 

5 

2 

1 

5 

85     j      1 

I 

104 

This  detail  was  divided  into  3  reliefs,  namely  : — 

1st  relief — 20  rank  and  file,  European. 

12  „  Native. 

2nd  relief — 19  „  European. 

12  „  Native. 

3rd  relief— 18  „  European. 

12  „  Native. 
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The  1st  relief  commenced  work  at  8  p.m.  on  the  evening  of  January  5th. 

January  5th,  1st  Belief,  8  till  12  p.m.,  Wynne. — Í  galleries,  marked'B,  C,  G-,  H,  Fig.  1143  -were 
commenced  in  the  towers,  at  the  respective  levels  of  26  ft.  6  in.,  27  ft.  6  in.,  29  ft.  6  in'.,  and 
29  ft.  6  in.,  below  the  terreplein  of  the  fort,  and  driven  towards  the  centre  of  each  tower.  4  shafts 
A,  D,  E,  F,  were  also  commenced  at  a  distance  of  10  ft.  from  the  curtain  wall. 

January  6th,  2nd  Belief,  12  till  4  a.m.,  Keith.— Shafts  A,  D,  E,  F,  were  completed  to  the  depth 
of  15  ft.  each,  and  were  made  4  ft.  by  3  ft.  Galleries  running  parallel  to  the  wall  were  commenced 
right  and  left  of  each  shaft.  Soil  very  easy,  being  made  earth.  Galleries  B,  C,  G,  progressed 
slowly  through  very  tough  pucka  masonry.     That  at  H  was  softer. 

3rd  Belief,  4  tül  8  a.m.,  Lang.— The  8  galleries  of  A,  D,  E,  F,  progressed  rapidly  through 
made  earth.  The  galleries  B,  C,  G-,  advanced  through  tough  masonry,  and  H  through  soft 
masonry.     The  tools  were  in  bad  order  and  were  not  adapted  to  mining. 

1st  Belief,  8  till  12  a.m.,  Forbes.— The  8  galleries  progressed  rapidly.     The  gallery  H  was  cut 
through  pucka  masonry,  7  ft.,  and  reached  rubble.     The  progress  at  B,  C,  G,  was  slower 
2nd  Belief,  12  till  4  p.m.,  Wynne. — The  8  galleries  were  nearly  finished  : — 

Ft,    In. 
That  at  B  had  advanced   9     0  through  pucka  masonry. 
»      c  »  8     6  » 

»  ■     G  3    0 

„H  „  12    0  through  made  earth. 

3rd  Belief,  4  to  8  p.m.,  Keith.— The  galleries  of  A,  D,  E,  F,  were  finished  to  the  following 
lengths  : — 

Ft,    In. 
Ac  (Fig.  1143)     ..     12     0 


A  6  „  ..13 

Dò1         „  ..     14 

De  „  ..12 


Ft.  In. 

Ec'(Fig.  1143)   ..     12  6 

Ec            „            ..      12  6 

Fe           „            ..     12  6 

F  61          „            . .     20  0 


Hardly  any  progress  was  made  at  G. 

1st  Belief,  8  till  12  p.m.,  Lang. — Another  shaft  I,  Fig.  1143,  was  commenced  at  a  distance  of 
10  ft.  from  the  wall.  A  party  was  also  employed  in  lodging  charges  in  the  wall  to  be  destroyed, 
described  in  accompanying  memorandum. 

January  7th,  2nd  Belief,  12  p.m.  till  4  a.m.,  Forbes. — 

B  gallery  was  24  ft.  long. 

O  „  24        „ 

H  „  17  ft.  10  in.,  and  return  commenced. 

G  had  not  extended  through  pucka  masonry. 

3rd  Belief,  4  till  8  a.m.,  Wynne. — Shaft  I  was  completed  to  a  depth  of  15  ft.,  and  2  galleries 
were  commenced  from  it,  running  right  and  left  parallel  to  the  wall. 

1st  Belief,  Keith. — The  galleries  of  shaft  I  were  completed  to  the  recpiired  lengths,  namely,  62, 
14  ft.j  and  c,  12  ft.     Chambers  were  formed  in  all  the  shaft-galleries. 

B  gallery  was  completed,  with  a  return  5  ft.  8  in.  long. 
C  „  „  „  7  ft.  long. 

At  G  the  work  was  continued  by  blasting. 

H  gallery  was  completed,  with  a  return  6  ft.  long. 

2nd  Belief,  12  till  4  p.m.,  Lang. — The  chambers  in  all  the  galleries  except  G  were  completed. 
G  was  8  ft.  5  in.  long,  pucka  masonry  7  ft.  thick  having  been  cut  through.  More  experiments 
were  made  on  the  wall  of  the  court-yard. 

3rd  Belief,  4  tül  8  p.m.,  Forbes. — More  charges  were  tried  on  the  wall,  and  a  party  was  em- 
ployed destroying  it  by  hand. 

1st  Belief,  8  till  12  p.m.,  Wynne. — Shafts  A  and  B  were  sunk  12  ft.  deep  in  the  entrance  towers. 

January  8th,  2nd  Belief,  12  till  4  a.m.,  Keith. — Galleries  were  driven  from  shafts  A  and  B,  right 
and  left,  7  ft.  and  9  ft.  long  respectively. 

3rd  Belief,  4  till  8  a.m.,  Lang. — A  party  of  men  was  employed  in  demolishing  the  wall. 
Chambers  were  prepared  and  bamboos  laid  (as  in  all  the  other  mines)  for  the  entrance-tower 
mines.     The  whole  of  the  mines  were  now  ready  for  loading,  but  the  powder  had  not  yet  arrived. 

9th  January. — At  3  p.m.  this  afternoon  the  party  of  Engineers,  after  carefully  closing  all  tho 
openings  of  the  shafts  and  galleries,  was  marched  back  to  Futtehghur  camp. 

Remarks. — The  whole  of  the  work  had  thus  been  carried  on  without  interruption,  the  soil  being 
very  easily  worked,  and  being  evidently  all  made  earth.  No  sheeting  had  been  required,  ex- 
cepting in  the  left  gallery  at  the  right  entrance  tower,  where  tho  carili  fell  in.  The  whole  of  tho 
mines  were  ready  for  charging  in  forty-eight  hours,  with  the  exception  of  that  in  gallery  G,  where  tho 
pucka  masonry  gave  great  trouble.    The  dimensions  of  all  the  galleries  were  3  ft.  0  in.  by  2  ft.  «!  in. 

13th  January, — A  detail  of  the  Engineer  Brigade  left  camp  at  5.30  a.m.  to  load  the  mines  at 
the  Fort,  namely,  2  officers,  2  sergeants,  and  82  rank  and  file  ;  and  1  officer,  and  24  native  sappers, 
12  of  the  sappers  were,  however,  afterwards  withdrawn  to  be  employed  elsewhere. 

The  charges  were  placed  as  follows  : — 

In  B  gallery  at  a1       ..      ..      10~0  lbs.  of  Native  powder. 
C  a         .. 


800      „      English 

99      , 

Native 

874      , 

,      English 

1050      , 

,      Native 

2  m  2 
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A  shaft  at 

r>      „ 

E  „ 
F  „ 
I 


{t 

I  c 


\: 


180  lbs. 

of  Native  powder. 

310      „ 

55 

V 

310      „ 

55 

?» 

180      „ 

„ 

i> 

180      „ 

55 

180      „ 

55 

ii 

180      „ 

5' 

55 

258      „ 

English 

JJ 

258      „ 

n 

1) 

180      „ 

Native. 

55 

Approximation. — For  English  powder  and  length  of  16  ft.  of  least  resistance,  we  have  16  cubed 
—  4096,  and  ^  of  4096  =  614  lbs.  of  gunpowder,  which  may  be  put  =  620,  the  half  of  which  is 
310  lbs. 

The  charges  were  placed  in  boxes  where  practicable,  the  hose  was  laid  in  bamboos,  and  the 
whole  was  carefully  tamped. 

The  galleries  took  most  time  in  loading  and  tamping,  and  were  not  ready  till  7  p.m.,  whilst 
the  shafts  were  finished  by  4  p.m. 

The  firing  was  put  off  till  the  next  morning,  when  the  hoses  of  all  the  shafts  were  brought  to 
one  focus  E.  There  was  one  focus  for  each  tower,  the  length  of  hose  for  each  being  5  ft.  less  than 
that  for  the  upper  focus,  to  allow,  if  possible,  a  few  ¡seconds  elapsing  between  the  two  explosions. 
The  hose  was  lighted  at  the  three  foci  at  the  same  time,  at  the  sound  of  the  bugle,  and  the  explo- 
sions were  very  nearly  simultaneous,  with  the  exception  of  that  of  one  mine,  marked  X,  Pig.  1143, 
which  did  not  take  place  till  30  seconds  after  the  others. 

The  demolition  was  complete,  and  the  object  desired  was  attained,  which  was  to  leave  a  pretty 
practicable  ramp  from  the  outside  into  the  interior. 

There  is  no  doubt  that  if  more  time  had  been  allowed,  or  more  men  had  been  procurable,  the 
demolition  might  have  been  effected  by  the  expenditure  of  one-half  of  the  quantity  of  powder 
used  ;  but  it  must  be  borne  in  mind  that  Scratchley's  instructions  were  to  have  everything  ready 
in  forty-eight  hours,  and  native  powder  was  to  be  had  in  abundance. 

The  mines  at  the  entrance  gateway  were  not  loaded,  but  remained  ready  to  be  charged  at  some 
future  time. 

Statement  of  the  Expenditure  of  Powder,  Hose,  $c. 
2  charges  of  1050  lbs.  each,  total  2100  lbs.,  Native  powder. 


1    » 

J874Ì 

1  800/ 

99 

180 

310 

258 

55 

„     1674  lbs.,  English 

1     » 

6 

2        „ 

2        „ 

55 

55 
55 

55 

„        99  lbs.,  Native 
„     1080  lbs.,       „ 
„       620  lbs.,       „ 
„       516  lbs.,  English 

Total,  2190  lbs.  of  English  powder. 
„      3899  lbs.  of  Native         ., 
„        848  feet  of  £-inch  hose. 
„  2  port-fires. 

Taking  the  line  of  least  resistance  =  18  ft.,  then  18  cubed  =  5832,  and  ¿fa  of  5832  =  1050  lbs. 
of  powder  nearly.     The  other  charges  were  calculated  in  a  similar  manner. 

Memorandum. — Partial  Destruction  of  a  Wall  by  means  of  Small  Charges. — This  wall  was  11  ft. 
high,  2  ft.  thick,  and  about  160  ft.  long.  There  were  two  piers,  6  ft.  square,  one  on  each  side  of  an 
entrance  at  the  centre  of  the  wall  ;  these  were  built  much  better  than  the  remainder  of  the  wall, 
which  had  been  constructed  with  bricks  and  a  little  mud,  mortar  being  found  only  in  the  foun- 
dation. 

Ten  charges,  of  5  lbs.  each,  were  placed  along  the  wall,  at  intervals  of  10  ft.,  and  were  lodged 
as  nearly  as  possible  2  ft.  below  the  surface  of  the  ground,  and  under  the  centre  line  of  the  wall. 
One  charge  of  10  lbs.  was  placed  in  each  pier,  2  ft.  6  in.  below  the  level  of  the  ground,  and  under 
its  centre. 

The  piers  were  completely  thrown  down,  without  violence  :  all  the  other  charges,  with  the 
exception  of  three,  failed  ;  some  blowing  out  the  tamping  and  making  a  small  breach  in  the  wall, 
others  throwing  out  the  foundation  and  earth  on  the  other  side,  but  failing  to  bring  down  the 
wall,  or  any  part  of  it.  Four  more  charges,  of  5  lbs.  each,  were  placed  equidistant  between  the 
former,  which  completely  destroyed  the  part  where  they  were  lodged. 

The  remainder  of  the  wall  was  picked  and  thrown  down  by  about  twelve  men  in  a  very  short 
time,  and  other  portions  of  the  walls  around  were  thrown  down  in  the  same  manner. 

The  powder  made  use  of  was  native,  and  undoubtedly  of  inferior  strength  to  that  of  European 
manufacture. 

Blasting  was  not  tried,  as  the  naturo  of  the  wall  did  not  admit  of  it.  Had  Scratchley  known 
that  it  was  so  very  rotten,  he  would  have  had  the  whole  of  it  picked  down. — l  Papers  of  the  Corps 
of  Royal  Engineers]  vol.  viii. 

Bickford's  fuze  is  generally  employed  in  blasting  operations.     See  Fuze-making  Machine. 

Blasting  with  Large  Charges  of  Gunpowder  at  Holyhead.  1860:  by  Col.  Hamilton,  P.E. — The  quarries, 
opened  and  worked  for  the  harbour-works,  were  situated  on  the  declivity  of  tho  Holyhead  Moun- 
tain, at  about  1500  yds.  distance  from  and  in  rear  of  the  land  end  of  the  breakwater  ;  the  portion 
thereof,  120  ft.  by  40  ft.,  and  90  ft.  in  height,  on  this  occasion  operated  on,  was  formed  of  quartzose 
schist,  extremely  hard,  and  weighing  about  1$  cwt.  to  the  cubic  foot,  stratified  in  lines  extending 
from  N.E.  to  S.W.,  a  little  overhanging  to  S.È.,  but  nearly  vertical,  with  numerous  joints  in  that 
and  other  directions  throughout  the  whole  mass. 
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An  entrance  gallery,  Figs.  1149,  1150,  5  ft.  6  in.  by  3  ft.  6  in.,  was  driven  from  trie  face  of  the 
rock,  commencing  at  a  height  of  12  ft.  above  its  base,  with  a  view  to  gain  an  efficient  line  of  tamp- 
ing resistance,  a  favourable  joint  in  the  line  of  strata  having  been  taken  advantage  of  to  the  extent 
of  34  ft.,  where  a  shaft,  3  ft.  6  in.  by  3  ft.  6  in.,  was  sunk  to  the  depth  cf  14  ft.  6  in.  ;  from  this, 
level  galleries,  5  ft.  6  in.  by  3  ft.  6  in.,  were  driven  right  and  left,  the  former  to  the  extent  of 
49  ft.  9  in.,  and  the  latter  56  ft.  6  in.,  with  a  length  of  43  ft.  6  in.  of  headings  and  chambers  of 
similar  dimensions,  as  illustrated  in  the  accompanying  plan  and  elevation.  The  galleries,  shafts,  and 
so  on,  were  worked  out  by  blasting,  necessitated  by  the  hard  nature  of  the  rock  ;  and  the  increased 
size  given  to  these  communications  above  that  generally  adopted  was  with  a  view  to  enable  the 
miners  to  strike  with  more  freedom  and  effect,  the  extra  excavation  being  more  than  compensated 
by  the  facility  of  working.  The  chambers  were  formed  by  slightly  enlarging  the  short  return- 
headings,  and  were  placed  from  2  to  3  ft.  below  the  level  of  the  ground  or  rail  line  in  front  of 
the  quarries,  to  ensure  the  bottoms  of  the  face  acted  upon  being  well  lifted,  as  want  of  attention 
to  this  particular  before  a  former  explosion  led  to  considerable  subsequent  labour  in  removing  a 
portion  of  stone  left  standing. 

1149.  1150. 


The  gunpowder  used  was  similar  to  the  fine  grain  Government  powder,  its  strength  having 
been  previously  tested  by  projecting  with  a  lj-oz.  charge  a  68-1  b.  shot,  from  a  mortar  at  an  angle 
of  45°,  to  the  distance  of  480  ft.  ;  the  charges  were  placed  in  canvas  bags  well  coated  with  tar, 
2000  or  3000  lbs.  in  one  bag,  and  the  remainder  in  smaller  bags,  and  so  respectively  lodged  in 
each  chamber. 

The  tamping  was  executed  throughout  with  a  sort  of  stiff  red  clay  obtained  in  the  vicinity, 
used  in  a  slightly  moist  state,  well  rammed  up  to  the  entrances  of  the  chambers,  and  close  to 
the  bags  of  gunpowder,  merely  leaving  a  small  air  space  round  the  latter,  and  was  contiuned 
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to  the  mouth  of  the  gallery  in  the  face  of  the  rock  :  it  apparently  answered  its  intended  purpose 
admirably. 

The  battery  employed  to  fire  the  charges  was  that  known  as  Grove's.  It  had  32  cells,  and 
platinum  plates,  8  in.  by  6  in.,  in  nitric  acid,  in  porous  cells  surrounded  by  diluted  (6  to  1)  sul- 
phuric acid  ;  it  was  placed  on  the  top  of  the  cliff,  and  directly  in  rear  of  the  line  of  chambers, 
300  ft.  distant  from  the  upper  edge  of  the  former  ;  two  copper  wires  connected  the  battery  with 
each  charge,  extending  from  the  latter  through  the  galleries  directly  up  the  face  of  the  cliff  and 
on  to  the  cells,  where  the  four  positive  were  united,  as  well  as  the  four  negative.  To  the  extremi- 
ties of  the  copper  wires  at  the  charges  were  attached  platinum  wire  about  \  in.  in  length,  protected 
by  a  wooden  block,  round  which  block  a  small  bag  of  fine  or  sporting  powder  was  tied  and  intro- 
duced into  the  large  bags  of  powder  before  mentioned. 

The  total  quantity  of  powder  used  in  the  explosion  was  12,000  lbs.,  placed  in  four  charges, 
amounting  respectively  to  4000,  3000,  2300,  and  2700  lbs.,  with  lines  of  least  resistance  29  ft., 
32  ft.,  22  ft.,  and  24  ft.  6  in.,  as  shown  in  Figs.  1149,  1150  ;  these  respective  charges  were  not  cal- 
culated by  any  specific  formula  founded  on  the  lengths  of  the  lines  of  least  resistance,  but  a 
certain  number  of  pounds  of  gunpowder  a  ton  of  rock  to  be  removed  was  allowed,  according  to 
the  particular  features  and  tenacity  of  the  portion  to  be  acted  on  (in  the  present  instance  1  lb.  of 
gunpowder  to  3  tons  of  rock);  this  calculation  was  based  upon  the  experience  gained  from 
numerous  previous  explosions  of  a  similar  character  carried  out  at  different  parts  of  the  quarries. 
In  some  cases,  1  lb.  of  gunpowder  was  found  sufficient  to  remove  only  2  tons,  in  other  cases  it 
has  proved  adequate  to  displace  4  tons  of  stone. 

Shortly  after  the  hour  appointed  (twelve  o'clock),  the  mines  were  fired  on  a  signal  with  most 
successful  results  ;  the  rock  a  little  above  its  base  was  seen  to  bulge  slightly  outwards,  and  then 
tumble  to  pieces,  emitting  much  smoke,  and  the  superincumbent  mass  gently  sliding  down, 
separated  into  various  sized  blocks;  a  perfect  volley  of  small  stuff,  mostly  the  tamping,  shot 
horizontally  along,  close  to  the  ground,  directly  in  front  of  the  face  of  rock,  to  a  distance  of 
about  250  ft.,  covering  the  surface  with  a  coating  of  fine  damp  clay,  separated  into  small  particles 
like  sand  ;  no  stones  of  any  magnitude  were  thrown  out  beyond  the  general  débris,  which  was  con- 
fined to  a  width  of  125  ft.  from  the  original  face  of  the  quarry. 

The  total  quantity  of  rock  removed  was  about  40,000  tons,  which  gives  3i  tons  to  the  pound  of 
gunpowder  used.  The  report  on  the  effect  of  a  similar  explosion  in  January,  1857,  shows  that  7£ 
tons  the  pound  of  gunpowder  were  then  brought  down,  or  nearly  double  the  quantity  removed  by 
each  pound  on  this  occasion  ;  and  on  reference  to  the  accompanying  plan  it  will  be  observed  that 
if,  instead  of  the  charge  of  4000  lbs.,  a  smaller  one  had  been  employed,  the  effect  would  probably 
still  have  extended  as  far  as  the  joint  at  that  end,  and  also  that  a  slight  addition  to  the  charge  of 
2700  lbs.  at  the  other  end  would  have  caused  the  fall  of  all  the  portion  as  far  as  the  recess,  which 
is  described  as  much  shaken.  It  may  also  be  remarked  that  the  cliff  brought  down  in  January, 
1857,  was  25  ft.  higher  than  that  here  described  ;  also  that  the  strata  of  the  former  were  hori- 
zontal, whilst  those  of  the  latter  were  vertical  ;  and,  on  the  other  hand,  that  the  blocks  forming 
the  debris  of  the  latter  were  smaller,  and  more  suitable  for  building,  than  those  of  the  former  ;  it 
is  evidently,  therefore,  difficult  to  fix  any  rules  for  determining  the  quantity  of  powder  required, 
especially  where  hidden  joints  exist  which  limit  its  effects. 

The  miners  were  but  little  impeded  by  wet  or  damp  ;  the  gallery  was  driven  with  a  slight 
inclination  upwards  to  allow  any  water  met  with  to  find  its  way  out.  Whenever  damp  holes  had 
to  be  fired,  pitched  bags  or  cases,  capable  of  holding  3  to  5  oz.  charges,  were  used  ;  the  smoke  from 
the  firing  of  the  blasts  and  foul  air  were  removed  by  a  rotatory  blower  worked  by  a  boy  at  the 
mouth  of  the  heading,  and  a  canvas  pipe  conveyed  the  fresh  air  to  the  chambers. 

The  powder  was  brought  to  the  mouth  of  the  gallery  in  casks  (containing  from  50  to  100  lbs.), 
and  there  emptied  into  canvas  bags  capable  of  holding  50  lbs.  ;  these  bags  were  then  passed  from 
hand  to  hand  by  men  placed  at  intervals  in  the  galleries,  to  the  respective  chambers,  where  they 
were  discharged  into  larger  bags  previously  lodged  there,  to  the  extent  required,  after  which  some 
old  powder-cask  sackings  were  thrown  round  and  over  them. 

The  clay  for  tamping  was  brought  to  the  mouth  of  the  main  gallery  in  wagons,  and  wheeled 
through  it  on  planks  to  the  shaft,  where  it  was  thrown  down,  and  conveyed  from  the  bottom 
thereof  in  a  similar  manner  to  the  headings.  This  method  was  found  to  require  less  time  and 
labour  than  any  other  known  to  the  engineer.  The  whole  of  the  tamping  was  performed  in  42 
hours  by  25  labourers. 

The  copper  wires  leading  from  each  charge  were,  throughout  their  course  in  the  tamping, 
lapped  round  with  calico  and  tar-bands,  great  care  having  been  taken  when  tamping  about  them. 
This  method  was  preferred  to  that  of  using  wooden  casings,  and  gave  much  freedom  and  ease  in 
turnings  at  the  angles  and  bends  in  the  headings. 

Grove's  Battery. — 32  porous  cells;  32  zinc  plates  ;  32  platinum  plates  ;  32  gutta-percha  troughs; 
mahogany  case  for  box,  quicksilver,  and  poles  ;  2|  gallona  nitric  acid  to  fill  the  cells  ;  £  gallon 
sulphuric  acid. 

Wires.— 8  copper  wires  from  the  battery  to  the  charges,  includine:  calico  lapping  and  tar- 
bands  :— 8  x  500  ft.  =  40(K)  ft.,  and  800  ft.  of  wire  weighing  28  lbs.,  4000  ft.  =  140  lbs- 

The  time  occupied  in  driving  the  galleries,  shafts,  and  bo  on,  was  about  9  months,  the  rate  of 
progress  averaging  1  foot  the  day  of  24  hours,  and  8  miners  working.  Powder  used  in  blasting 
(3  lbs.  a  foot),  210  x  3  -=  030;  l'in,  of  fuze  a  foot  =  210  ft.  ;  G  lbs.  of  candles  a  week,  3'J  x  G  = 
21G  ;  30  bags  or  tarred  «ases. 

Thus  it  would  appear  that  40,000  tons  of  stone  were  procured  at  an  expense  of  GG9/.  10s.  Gd.,  or 
about  id.  per  ton. 

At  a  point  150  yards  in  front  of  the  cliff,  the  report  was  not  loud,  it  resembled  the  sound  of 
very  distant  thunder. 

Application  of  the  Galvanic  Battery  to  Military  Purposes.     Taken  from  H.  Ward's  paper,  'Profes- 
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stonai  Papers,  R.E.J  1855. — The  inquiry,  whether  the  explosion  of  charges  of  powder  by  voltaic 
agency  could  be  made  generally  applicable  to  engineering  nurposes  in  the  field,  seems  naturally 
to  divide  itself  into  the  following  heads  :— An  inquiry 

1st.  Into  the  motive  power. 

2nd.  Into  the  conducting  medium,  or  the  means  by  wnich  that  power  could  be  conveyed  to  a 
distance. 

3rd.  The  construction  of  bursting  charges  to  produce  the  desired  explosion. 

4th.  How  the  power  obtainable  could  be  best  applied  to  the  explosion  of  a  number  of  mines 
simultaneously. 

Motive  Power. — The  inquiry  into  the  motive  power  arranges  itself  under  the  following  sub- 
divisions : — 

1st.  The  determination  of  the  principle  by  which  voltaic  action  could,  on  the  whole,  be  most 
effectually  produced  ;  that  is,  the  determination  of  that  combination  of  metals  and  acids  which, 
while  it  comprises  such  as  are  generally  procurable  at  a  moderate  expense  and  are  safe  to  handle, 
would  exhibit  the  greatest  power. 

2nd.  The  most  economical  arrangement  of  these,  as  to  size  and  numbers;  so  that  the  power 
required  should  be  produced  out  of  the  smallest  bulk,  and  at  the  least  cost. 

3rd.  The  general  simplification  of  the  arrangement  of  cells  and  plates,  so  as  to  admit  of  their 
easy  repair  or  replacement  ;  the  arrangement  to  combine  portability  and  facility  in  charging  and 
dismantling  ;  the  whole  to  admit  of  being  readily  packed  and  put  together  ;  to  be  durable,  having 
as  few  parts  as  possible  liable  to  deterioration  by  keep  or  use,  and  those  such  as  to  admit  of  many 
spare  ones  being  carried  with  the  apparatus,  and  easily  procurable  anywhere. 

4th.  To  reduce  the  manipulation  to  a  mere  mechanical  process,  requiring  in  the  application  no 
chemical  or  scientific  knowledge  to  work  it  effectually. 

Conducting  Medium. — The  inquiry  respecting  the  conducting  medium  naturally  embraces  the 
best  metal  for  the  purpose  and  the  most  desirable  thickness  under  every  circumstance  ;  a  ready 
mode  of  ascertaining  the  conducting  power  of  any  description  that  might  be  procured  on  the  spot 
in  an  emergency;  the  degree  of  isolation  required  to  preserve  the  strength  of  the  circulating 
current,  the  best  covering  to  effect  this  perfectly,  and  the  cost  of  the  most  approved. 

Bursting  Charges. — The  most  approved  bursting  charge  to  be  ascertained  ;  whether  that  formerly 
made  with  a  thin  platinum  or  iron  wire,  or  that  discovered  by  Brunton,  where  an  inflammable 
compound  is  obtained  seemingly  by  a  combination  of  copper,  sulphur,  carbon,  and  gutta-percha. 

In  the  former,  the  best  length  and  thickness  of  platinum  or  iron  wire,  and  the  most  desirable 
construction  for  bursting  charges  under  such  circumstances  ;  in  the  latter,  the  most  approved 
compound,  and  the  readiest  method  of  making  it. 

Simultaneous  Firing. — How  far  the  power  obtainable  by  voltaic  agency  can  be  applied  to  the 
explosion  of  a  number  of  charges  simultaneously  by  each  description  of  bursting  charge,  and  the 
best  arrangements  for  this  purpose;  the  rules  deduced  from  scientific  inquiry  that  should  be 
the  guide  in  considering  such  arrangements,  and  how  far  they  must  be  modified  in  practice. 

As  the  whole  of  the  investigation  is  based  on  the  theory  of  voltaic  circuits,  propounded  by 
Professor  Ohm,  of  Nuremberg,  of  which  a  translation  is  to  be  found  in  Taylor's  '  Scientific 
Memoirs,'  June,  1840,  we  cannot  expect  to  be  generally  intelligible,  unless  we  preface  the  experi- 
mental results  with  a  notice  of  the  principles  established  by  him,  and  the  conclusions  deducible 
therefrom. 

In  considering  a  voltaic  arrangement  of  one  pair,  say  zinc,  platinum,  and  dilute  sulphuric 
acid  with  the  circuit  closed,  Ohm  has  shown  that  the  force  of  the  crurent  in  circulation  is  directly 
as  the  sum  of  the  electro-motive  forces,  and  inversely  as  the  sum  of  the  resistance  to  its  circulation. 

By  the  sum  of  the  electro-motive  forces  is  meant  the  excess  of  affinity  of  the  zinc  for  one  of  the 
elements  of  the  solution,  as,  for  example,  the  oxygen  of  the  water  in  the  above  case,  over  all  other 
counteracting  agencies  :  this  force  therefore  being  entirely  independent  of  the  size  of  the  plate,  and 
subject  solely  to  the  nature  of  the  metals  and  liquids  in  voltaic  combination. 

By  the  term  excess  of  affinity  it  is  understood  that  if  zinc  is  put  in  sulphuric  acid  and  water, 
the  zinc  decomposing  the  latter,  the  cause  of  the  decomposition  must  be  that  the  affinity  of  the 
zinc  for  oxygen  is  in  excess  of  that  of  the  hydrogen  for  the  oxygen,  with  which  it  is  in  the  first 
place  combined.  It  is  tins  excess  that  in  this  particular  case  is  called  the  sum.  In  many  combi- 
nations of  metals  and  liquids,  as  in  a  Danieli  or  Grove,  this  excess  is  the  result  of  more  com- 
plicated forces,  but  in  all  cases  the  sum  of  "the  electro-motive  forces  is  intended  to  express  this 
excess. 

By  resistance  is  intended  the  obstacle  opposed  to  the  passage  of  the  electric  current  by  the  sub- 
stances through  which  it  has  to  pass.  It  is  the  inverse  of  what  is  termed  conducting  power.  We 
are  in  the  habit  of  talking  of  conducting  instead  of  resisting  power,  but  it  will  be  acknowledged 
an  equally  accurate  conception,  to  view  all  conducting  media  in  the  light  of  resistances  opposed  to 
the  passage  of  electricity,  as  to  consider  them  conductors  aiding  its  circulation.  No  substances 
in  nature  are  perfect  conductors,  consequently  some  electric  excitement  is  lost  in  each  step  of  the 
transmission  from  particle  to  particle  ;  and  it  seems  as  rational  therefore  to  ascribe  the  loss  expe- 
rienced to  a  resisting  agency,  as  to  attribute  the  quantity  obtained  to  a  favouring  one. 

Let  F  then  represent  the  force  of  the  current  in  circulation,  which  it  must  be  remembered, 
from  what  has  been  before  stated  in  the  first  part  of  this  paper,  is  equal  in  all  parts  of  the  circuit. 
Let  E  =  the  sum  of  the  electro-motive  forces,  and  R  =  the  sum  of  the  resistances.     Then 

»  =  !■■  m 

The  resistance  R  in  an  ordinary  voltaic  pair  is  made  up  of  two  principal  and  some  inconsider- 
able portions.  The  former  include  the  resistance  of  the  wire  completing  the  circuit,  and  that  of 
the  liquid  intervening  between  the  plates. 
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The  resistance  of  the  conducting  wire  which  we  call  to,  varies  directly  as  its  length  (/),  and  its 
specific  resistance  (s)  ;  and  inversely  as  the  area  of  its  section  («).     Or, 

si 
-=-•  [2] 

The  resistance  of  the  intervening  liquid,  which  we  will  call  L,  varies  directly  as  its  specific 
resistance  (S),  and  the  thickness  of  the  stratum  (T)  ;  and  inversely  as  the  surface  of  the  plate  in 
contact  with  it  (A).    Or, 

,=  - 

By  specific  resistance  is  meant  the  resistance  due  to  the  nature  of  the  liquid  employed,  and  the 
term  is  used  in  the  same  sense  as  we  speak  of  specific  gravity. 

In  fact,  Ohm  assumes  that  every  atom,  whether  of  liquid  or  wire,  is  capable  of  receiving 
excitement  from  the  one  before  is  in  the  circuit,  and  parting  with  it  to  the  next  in  succession  ;  that 
a  loss  occurs  in  the  transmission  depending  on  the  differences  of  the  electric  forces  existing  in  the 
two  adjacent  atoms  ;  just  as  in  the  theory  of  heat  the  transmission  of  caloric  between  two  particles 
is  regarded  as  proportional  to  the  difference  of  their  temperatures.  From  this  the  laws  in  equa- 
tions [2]  and  [3]  seem  obviously  deducible. 

There  are  other  resistances  in  an  ordinary  voltaic  circuit,  namely,  that  of  the  plates  themselves, 
and  of  the  metallic  connections  between  each  pair,  when  a  number  are  combined  in  series  ;  but 
the  great  sectional  area  and  short  length  of  them  make  their  absolute  resistance,  when  compared 
with  the  rest  of  the  circuit  insignificant.     They  do  not  require  a  separate  consideration. 

The  resistance  R  then  consists  of  L  and  w}  or 

E  E 

Now,  instead  of  completing  the  circuit  by  a  wire,  let  the  plates  of  a  pair  be  connected  by  a 
medium  whose  resistance  is  insignificant,  and  equation  [4]  becomes 

E 
F=L>  ra 

representing  the  free  circulation  in  a  voltaic  pair,  when  w  — 

If  n  such  pairs  are  arranged  in  series,  the  first  zinc  and  the  last  platinum  being  brought  in 
contact  by  a  substance  whose  resistance  is  insignificant,  we  shall  then  have  n  electro-motive  forces, 
but  also  n  resistances  ;  so  the  value  of  F  will  remain  unchanged,  for 

'-£?-*   _ 

but  there  can  now  be  added  n  times  as  much  resistance  of  wire  as  could  be  borne  in  equation  [4], 
without  diminishing  the  value  of  the  force  F  below  that  which  it  represented  there,  for 

„  E  »E 

F  = = . 

L  +  w>        n~L  +  nw 

When  the  galvanic  circuit  is  divided  and  circulates  at  the  same  time  through  two  or  more 
branches,  the  force  of  the  current  through  each  will  be  in  the  inverse  ratio  of  its  resistance  ;  thus, 
if  r  and  r'  be  the  resistances  of  the  two  portions  or  branches  of  a  conducting  medium  through 

which  the  current  passes,  —  and  — r  will  be  the  proportional  force  of  the  current  in  each,  and 
r  r 

r  -\-  r'  tv' 

their  sum  —  will  be  that  of  the  current  passing  through  both  ;  therefore  — ■ — 7  will  represent 

r  v  +  r 

the  resistance  of  a  medium  that  could  be  substituted  for  both,  and  not  diminish  the  amount  of 
circulating  force. 

It  is  very  important  to  bear  in  mind  the  law  relative  to  divided  currents,  as  it  particularly 
concerns  arrangements  for  simultaneous  firing.  We  are  too  ready  to  assume  that  electricity  selects 
for  itself  the  readiest  path,  utterly  rejecting  inferior  means  of  conduction  but  with  respect  to  the 
circulation  of  voltaic  currents,  this  idea  is  decidedly  erroneous,  and  the  converse  is  capable  of  easy 
practical  demonstration. 

These  are  the  points  of  Ohm's  theory  that  most  immediately  concern  us  ;  let  us  now  see  what 
conclusions  are  deducible  from  it. 

E 

Referring  to  equation  [1],  P  =  —,  it  is  evident  that  in  a  voltaic  arrangement,  the  nature  of 

whose  metals  and  liquids  has  been  decided  on,  the  force  F  is  entirely  dependent  on  the  magnitude 
of  R,  or  the  resistance  offered  to  the  circulation  of  the  current  as  when  R  decreases,  F  increases, 
and  when  R  =  o,  F  —  oo  ,  which  implies  that  whatever  arrangement  of  plates  and  acids  may  be 
made,  if  the  resistance  can  be  reduced  to  o,  the  power  obtainable  is  infinite.  That  this  is  true  may 
be  explained  in  this  way.  It  will  be  remembered  that  it  was  shown  (see  Batteky)  to  be  essential 
to  the  flow  of  a  continuous  current,  in  an  arrangement,  for  example,  of  zinc,  copper,  and  dilute 
sulphuric  acid,  that  the  zinc  should  be  oxidized,  the  sulphuric  acid  should  combine  with  the  oxide 
to  form  a  sulphate,  and  the  salt  should  be  removed  by  dissolution  in  water,  leaving  all  things 
in  statu  quo  for  a  new  set  of  actions.  Now,  though  these  arc  described  as  subsequent  operations, 
where  no  restraint  is  offered,  they  all  take  place  at  the  same  instant. 

Now  when  R  =  o,  the  initial  force  F  is  dependent  on  the  value  of  E,  which  represents  the 
excess  of  affinity  of  the  positive  metal  for  one  of  the  elements  of  the  solution  over  all  counteracting 
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agencies,  and  is  therefore  limited  ;  but  if  such  an  arrangement  were  made  that  the  limited  force 
should  be  developed  again  and  again,  independent  of  time,  the  resultant  power,  of  course,  would 
be  infinite.  At  first  view  it  seems  as  if  the  combination  of  zinc,  platinum,  and  dilute  acid,  above 
described,  is  such  an  arrangement;  and  as  far  as  the  chemical  action  is  concerned  (if  we  leave  out 
of  consideration  the  adherence  of  the  hydrogen  to  the  negative  plate)  it  certainly  is,  but  there  is 
one  great  check  to  the  development,  which  can  be  diminished,  but  not  got  rid  of  altogether,  namely, 
the  resistance  of  the  liquid  to  the  passage  of  electricity  from  plate  to  plate.  As  there  must  neces- 
sarily be  some  liquid  to  produce  excitement,  so  must  there  be  a  resistance  K  ;  let  this  but  assume 
a  value,  and  F  becomes  limited. 

The  development  of  an  unlimited  force  F  would  seem,  then,  to  be  prevented  by  the  resistance 
offered  to  the  circulation  of  the  current.  It  may  be  considered  that  the  zinc,  for  instance,  on  being 
continually  attacked,  and  finding  a  difficulty  in  getting  rid  of  its  excitement,  becomes  so  charged 
that  it  resists  a  further  disengagement  of  electricity,  or,  which  is  equivalent,  resists  further 
destruction,  that  is,  loses  its  affinity  for  oxygen,  till  it  can  be  restored  to  a  certain  state  of  quies- 
cence. We  have  a  case  analogous  to  this  in  electricity  produced  by  friction  in  an  electrical 
machine,  where,  in  order  to  obtain  an  unlimited  supply  of  positive  excitement  from  the  glass 
cylinder,  to  charge  Leyden  jars,  or  for  other  purposes,  it  is  necessary  to  connect  the  negative  prime 
conductor  with  the  ground,  to  carry  off  a  portion  of  the  high  negative  excitement  produced  in  it 
by  the  friction  it  being  well  known  that  if  this  was  not  so  connected  it  would  become  so  highly 
charged  as  to  resist  further  disengagement  of  excitement.  I  have  here  given,  says  Ward,  this  theo- 
retical view  of  the  varying  value  of  F,  to  bring  before  the  mind  the  fact  that  the  force  of  the  current 
circulating  is  controlled  only  by  the  value  of  R,  and  that  I  conceive  it  to  be  true  that,  without  any 
limitation,  so  long  as  R  is  decreased  F  will  increase. 

The  value  of  R  is,  as  has  been  stated,  composed  of  two  parts,  namely,  the  resistance  of  tho 
exciting  liquid  and  of  the  metallic  wire  closing  the  circuit  ;  and  how  these  can  be  diminished  in  a 
simple  voltaic  pair  we  shall  find  by  referring  to  equations  [2]  and  [3]. 

From  equation  [3]  we  can  diminish  the  resistance  of  the  liquid  stratum,  by  bringing  the  plates 
nearer  together,  by  substituting  an  exciting  solution  whose  specific  resistance  is  less,  or  by 
increasing  the  size  of  the  plates  in  each  cell. 

From  equation  [2]  the  resistance  of  the  conducting  wire  in  a  simple  voltaic  pair  can  be  dimi- 
nished, by  substituting  a  metal  whose  specific  resistance  is  less,  by  shortening  the  length  of  the 
wire,  or  by  increasing  the  area  of  its  section. 

Diminishing  the  distance  between  the  plates  in  each  cell  by  one-half  or  one -third  will  permit 
us  to  diminish  the  size  of  each  plate,  and  therefore  their  weight,  by  one-half  or  one-third,  without  a 
loss  of  power. 

Increasing  the  section  of  the  conducting  wire,  or,  which  is  the  same  thing,  increasing  its 
weight  per  yard,  will  permit  its  length  to  be  similarly  increased,  without  diminishing  the  value 
of  F. 

E 

In  the  equation  F  =  - — ¡ —  »  taken  as  representing  the  condition  of  a  circulating  force  F  in  a 

Li  +  W 

determined  combination  of  metal  anH  acid,  we  have  seen  that  F  can  only  be  increased  by  the 
diminution  of  L  or  w,  or  both. 

We  have  just  seen  the  means  by  which  L  can  be  diminished,  and  supposing  that  by  one  of 

these  it  has  been  reduced  to  —  its  value,  the  equation  of  the  voltaic  pair  becomes 

E  nE 


L  L  -f-  n  w 

l-w 

n 

With  respect  to  w:,  every  mode  of  diminishing  its  value,  which  has  been  before  mentioned,  is 

adopted  in  practice  ;  that  is,  a  metal  (copper)  is  employed,  the  specific  resistance  of  which  is  the 

smallest  known  ;  such  a  size  of  wire  is  used  as  can  with  a  due  regard  to  economy  be  employed,  and 

no  longer  length  than  is  actually  required  would,  of  course,  ever  be  placed  in  the  circuit.     But 

there  is  yet  another  mode  of  reducing  the  resistance. 

For  instance,  if  it  is  desired  to  reduce  w  to  —  th  its  present  value,  it  is  readily  done  by  com- 
'  n 

bining  n  voltaic  pairs  in  series,  and  applying  them  to  circulate  the  current  through  w:  the  equation 
then  stands,  n  E  E 

F"  = =  • 

íiL-t-to  w 

L  -| 

n 

There  are  here,  then,  two  modes  of  increasing  the  force  F,  and  the  question  is,  which  is  the  greater, 
F'  or  F",  that  *  E  E 

or 

Li  T         w 

—  +  w       L+  — 
n  n 

Their  comparative  values  evidently  depend  on  the  respective  values  of  L  and  w  ;  for  if  L  is  greater 
than  w,  F'  is  greater  than  F"  ;  if  equal,  equal  ;  and  if  less,  less.  From  this  we  have  the  following 
rule  : —  .  ,       . 

When  the  resistance  of  the  liquid  stratum  is  greater  than  that  of  the  wire,  it  is  more  advanta- 
geous to  increase  the  size  of  the  plates  of  a  voltaic  pair  than  to  arrange  a  number  in  series.  \\  lien 
the  two  resistances  are  equal,  it  matters  not  which  is  done;  and  if  the  resistance  of  the  wire  is 
greater  than  that  of  the  liquid,  the  development  of  the  force  F  is  most  economically  obtained  by 
placing  several  pairs  in  series. 
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This  is  a  most  important  principle  to  bear  in  mind  (as  will  be  hereafter  shown)  when  making 
an  arrangement  for  the  explosion  of  a  series  of  charges  :  for  by  a  simple  alteration  of  the  dispo- 
sition of  cells,  effects  can  be  produced  which  without  the  knowledge  of  this  principle  would  be 
unaccountable. 

The  rule  above  made  evident  is  supported  by  practice.  In  electro-plating,  where  the  metallic 
portion  of  the  circuit  is  short  aud  ample  in  size,  experience  has  taught  that  it  is  more  profitable 
to  increase  the  size  of  the  pair  in  action.  But  in  the  explosion  of  charges  of  powder  at  long 
distances,  where  the  metallic  resistance  is  usually  extensive,  it  is  found  more  economical  to  arrange 
plates  in  series. 

The  explanation  usually  given  for  the  necessity  of  different  arrangements  for  the  two  pur- 
poses is,  that  in  electro-plating  a  quantity  of  electricity  is  required,  while  in  exploding  charges 
intensity  is  essential.  Intensity  of  heat  (for  this  is  one  of  the  forms  in  which  electricity  can 
be  made  apparent)  is  a  property  partly  dependent  on  the  quantity  of  heat,  and  partly  on  the 
space  it  occupies.  An  increase  of  intensity  can  be  obtained  by  putting  the  same  quantity  into  less 
space.  The  same  quantity  of  caloric  applied  to  a  12  and  21  lb.  shot  would  produce  heat  of  various 
degrees  of  intensity.  Intensity,  therefore,  is  directly  and  entirely  dependent  on  the  space  into 
which  a  given  quantity  of  heat  is  compressed,  not  upon  an  arrangement  of  cells  in  series.  It  would 
be  equally  correct  to  say  that  increasing  the  size  of  a  voltaic  pair  would  increase  the  intensity,  as  to 
ascribe  that  power  to  the  accumulation  of  cells  in  series.  In  fact,  both  these  arrangements  have 
that  power,  as  we  can  imagine  the  same  force  F  being  made  to  circulate  by  each  mode  in  the  same 
combination  of  metals  and  acid — though  in  one  case  by  an  arrangement  in  series,  and  in  the  other 
by  having  one  large  voltaic  pair — and  through  two  wire  circuits  identical  in  their  size,  length, 

n  E 

and  conductibility.      In  the  former,  assuming  n  cells  to  be  placed  in  series,  F  =  — - ; 

and  in  the  latter,  w  and  E  being  of  the  same  value   as  above,  F  =  — —  .      And   for  both 

L  +  w 
n  —  1 
these  values  to  be  equal  it  is  only  necessary  that  L'  should  equal  L w,  which  value  is 

n  —  1 

obtainable  by  a  proportional  increase  of  one  pair  of  plates,  as  long  as  to  is  less  than  L. 

n 

E 
The  same  force  F,  then,  whether  caused  to  circulate  by  the  conditions  expressed  by 


L'  -+•  to 

TlE 

— -— — — ,  will  exhibit  the  same  intensity  on  similar  parts  of  two  identical  wire  circuits,  and  the 

property  of  producing  intensity  is  thus  shown  not  to  be  confined  especially  to  either  arrangement. 

To  produce  any  required  intensity  it  is  necessary  to  get  the  requisite  quantity  into  the  given 
space,  and  this  can  only  be  done  by  overcoming  the  obstacles  to  its  transmission.  There  are  two 
descriptions  of  resistance  to  overcome,  namely,  that  of  the  connecting  wire  and  that  of  the  liquid, 
and  it  depends  on  their  comparative  power  which  it  is  most  desirable  to  diminish  ;  the  former  can 
be  lessened  most  readily  by  accumulating  cells  in  series,  and  the  latter  by  increasing  the  size  of 
the  plates. 

It  is  practically  true  that  in  the  explosion  of  charges  at  long  distances  the  required  intensity  can 
only  be  obtained  by  accumulating  cells  in  series  •  but  the  reason  of  this  is  evident,  namely,  that  in 

E 
equation  F  =  — — - —  ,  even  if  the  resistance  L  by  the  increase  of  the  size  of  the  plate  be  reduced  to 
JL   +  w 

au  insignificant  value,  that  of  w  may  still  be  too  great  to  admit  of  the  required  quantity  circulating 
through  all  parts,  and  then  plates  in  series  are  essential  to  reduce  the  value  of  to,  as  by  that  means 
only  can  F  now  be  increased. 

The  converse,  however,  is  equally  true,  and  deserves  consideration.  Imagine  a  combination  of 
n  cells  arranged  to  overcome  a  resistance  w,  and  that  the  number  is  so  great  that  the  opposition  of 
w  has  been  practically  reduced  to  nothing,  or  the  equation  representing  the  value  F  standing  thus — 

F__nE_  E 

n  L  -f-  w  w 

L  -| 

n 

in  which  —  is  so  insignificant  as  to  admit  of  its  being  left  out  of  the  consideration,  then  practically 

E 

F  =  -=-  .    Now,  if  L  is  so  great  that  its  resistance  alone  will  not  permit  of  a  sufficient  quantity  of 

force  circulating,  then  if  1000  or  10,000  cells  were  placed  in  series,  we  could  not  sensibly  increase 

E 

the  value  of  F,  for  it  could  only  approach,  but  never  could  equal  —  ;  to  obtain  sufficient  intensity 

Li 

in  this  case  it  would  then  be  essential  to  increase  the  size  of  each  plate  in  the  series,  for  by  that 
means  only  could  F  now  be  augmented.  These  considerations  are  important,  for  they  show  clearly 
that  there  is  a  limit  in  (ach  case,  beyond  which  we  can  get  no  appreciable  increase  of  power:  in 
the  one  no  further  increase  of  the  size  of  the  plates  will  increase  the  force,  unless  we  at  the  same 
time  increase  the  number  ;  in  the  other  we  may  diminish  the  size  so  much  as  to  render  a  large 
number  placed  in  series  of  no  value. 

n  E 

Returning  again  to  equation  F  =  — .     It  has  been  shown  that,  whatever  the  value  of  n, 

n  L  +  w 

E 

P  cannot  equal  —,  that  is,  the  electro-motive  force  of  one  pair  restrained  by  the  resistance  of  the  intcr- 
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vening  liquid  ;  at  the  same  time  the  combination  — —   has  the  power  of  circulating  the  force  F 

through  n  times  the  metallic  circuit  which  -=-  could,  for  F  = =  .      These  two 

L  L  +  w       jiL  +  nw 

theoretical  conclusions  admit  of  the  popular  explanation,  that  in  a  series  of  cells,  with  plates,  say 
of  zinc  and  copper,  each  copper,  while  receiving  excitement  from  the  zinc  of  its  own  cell,  restores 
to  equilibrium  the  zinc  in  the  next,  or  that  to  which  it  is  metallically  connected  ;  that  iß,  the  first 
copper  in  the  series  tranquillizes  the  second  zinc,  the  second  copper  the  third  zinc,  and  so  on  ;  and 
then  there  remains  only  the  first  zinc  and  last  copper,  which  require  to  be  connected  to  permit 
each  to  return  to  a  state  of  quiescence  ;  of  course,  then,  any  connection  uniting  these  two,  however 
small  its  resistance,  cannot  have  so  great  an  amount  of  electric  fluid  traversing  it  as  that  which  one 

E 
voltaic  pair  is  able  to  produce,  or  that  expressed  by  —  • 

E 

At  the  same  time,  as  Ohm  has  shown  that  the  quantity  of  electric  fluid  travelling  by  two 
paths  to  the  same  destination  will  proceed  by  each  in  quantities  varying  in  the  inverse  ratio  of 
their  powers  of  resistance,  let  us  imagine  the  quantity  at  the  last  copper  plate  in  the  series  desirous 
to  return  to  the  first  zinc,  and  that  the  zinc  and  copper  is  metallically  connected,  bearing  also  in 
mind  that  this  zinc  and  copper  are  connected  by  another  means,  that  is,  by  the  alternation  of  metals 
and  acid  solutions,  both  conductors  intervening  between  them,  so  that  there  are  here  two  paths  by 
which  equilibrium  can  be  restored  ;  and  now  if  we  suppose,  first,  the  metallic  resistance  insuper- 
able, the  whole  of  the  electricity  will  return  by  the  liquid  ;  if  we  suppose  the  liquid  resistance  to 
be  insuperable,  tranquillity  will  be  restored  wholly  by  means  of  the  metallic  road.  But  in  reality, 
as  neither  resistance  is  actually  insurmountable,  the  fluid  does  return  by  both  roads  in  the  inverse 
ratio  of  their  resisting  powers.  Conceive,  then,  one  voltaic  pair  with  the  circuit  closed  by  a  wire 
of  any  given  length.  In  this  position  a  certain  amount  of  electric  force  is  proceeding  from  the 
copper  to  the  zinc  by  the  wire,  the  remainder  returning  by  the  liquid,  the  proportion  depending  on 
the  resisting  powers  of  each  ;  if,  then,  we  increase  the  resistance  of  the  liquid  portion  n  times,  we 
can  proportionally  increase  that  of  the  metallic  portion  without  altering  the  absolute  quantity 
proceeding  by  each  path.  In  a  combination  of  n  cells  the  former  is  done,  and  then  we  are  enabled 
to  do  the  latter.  When  n  cells  are  used  in  series,  n  times  the  resistance  is  opposed  to  the  return 
of  the  electric  fluid  at  the  last  plate  by  the  liquid  to  the  first,  for  it  has  to  traverse  n  thicknesses  of 
solution  and  n  pairs  of  metallic  plates,  and  so  we  can  add  on  n  times  as  nruch  metallic  wire 
resistance  without  diminishing  the  quantity,  thereby  circulating  below  that  which  would  circulate 
through  the  original  length,  were  but  one  voltaic  pair  to  be  employed. 

This  passage  is  not  perhaps  quite  clear,  as  it  would  imply  that  an  increase  of  the  liquid 
resistance,  taken  by  itself,  would  allow  an  augmentation  of  the  wire  resistance  also.     At  page  538 

Tfl  „   -p  -p 

the  formula  explains  it,  as  it  is  shown  that  F  =  - =  — - ; representing  the 

L-r-iowL  +  nw-L  +  w 

n  E 

conditions  of  a  single  pair,  and  — - — ■ that  of  a  series  of  n  pairs,  in  which  L  having  been 

nJj  +  nw 

increased  n  times,  w  has  also  been  increased  in  the  same  proportion  ;  but  the  numerator  or  electro- 
motive force  has  been  likewise  increased  n  times. 

Proceeding  on  the  principles  thus  developed  by  Ohm's  theory  to  inquire  into  the  power  of 
every  description  of  battery,  it  will,  we  hope,  be  clear  from  what  has  been  said  that  it  was  in  the 

E 
first  place  necessary  to  ascertain  the  comparative  value  of  L  and  w  in  the  equation  F  =  — - — 

before  it  could  be  decided  whether  the  force  F  would  be  most  economically  produced;  and 
secondly,  the  comparative  value  of  E  to  show  the  relative  electro-motive  energies  of  the  several 
known  combinations. 

Before  proceeding  to  detail  the  experimental  results  which  determined  the  choice  of  the 
motive  power  or  description  of  battery  for  military  purposes,  we  may  enumerate  those  that  have 
been  submitted  to  examination,  namely  : — 

Wollaston's — Zinc  and  copper  and  dilute  sulphuric  acid,  and  its  modifications  of  zinc  and  iron, 
and  copper  and  iron. 

Smee's — Zinc,  platinized  silver,  and  dilute  sulphuric  acid. 

Grove's — Zinc  and  dilute  sulphuric  acid,  platinum,  with  strong  nitric  acid. 

Daniell's — Zinc  and  copper,  with  dilute  sulphuric  acid  and  sulphate  of  copper. 

DalgleisNs — Zinc,  platinum,  and  nitric  acid. 

McCallarfs  batteries,  of  which  there  are  several  varieties. 
These  several  batteries  can  be  classified  under  two  heads— those  in  which  an  evolution  of  gas 
takes  place  on  completing  the  circuit,  and  those  in  which,  for  the  attainment  of  constancy,  the 
gas  is  absorbed  by  a  chemical  process.     To  the  former  class  belong  Wollaston's  and  its  modifica- 
tions, Smee's,  and  Dalgleish's  ;  and  to  the  latter,  Daniell's,  Grove's,  and  McCallan's. 

The  advantages  of 'the  first  class  consist  in  the  simplicity  of  the  arrangements,  the  use  of  but 
one  acid,  the  necessity  for  porous  cells  being  thus  avoided;  while  the  second  has  the  advan- 
tage of  producing  greater  constancy  by  a  chemical  arrangement,  though  at  the  expense  or 
simplicity. 

Wollaston's,  Smee's,  Daniell's,  and  Grove's  batteries  have  been  for  some  time  before  the 
scientific  world,  and  are  well  known.  McCallau  has  organized  several  combinations  oi  metals 
and  acids  which  require  notice.  In  one,  cast  iron  is  simply  substituted  as  the  negative  metal  tor 
the  platinum  of  Grove's;  in  other  forms  he  uses  successively  platinized  iron,  platinized  lead, 
chromed  iron,  chromed  lead.  He  also  varies  the  exciting  solutions.  Now  he  employs  concent  m  ted 
nitric  and  doubly-rectified  sulphuric  acid  in  contact  with  the  iron  ;  then,  again,  this  solution  is 
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modified  by  mixing  four  parts  of  sulphuric  acid,  two  of  nitric,  and  two  of  a  saturated  solution  of 
nitre  together.  If,  in  this  latter  mixture,  nitric  acid  is  dispensed  with,  its  place  must  be  supplied 
by  an  addition  of  the  nitric  solution,  which,  he  states,  need  not  be  saturated.  He  also  finds  that 
nitrate  of  soda  could  be  substituted  for  nitrate  of  potash,  though  with  a  loss  of  power  to  be  repaid 
by  cheapness  of  material. 

Platinized  or  chromed  cast  iron  answers  as  well  as  platinized  lead,  and  cast  iron  without  being 
chromed  appears  to  act  as  well  as  platinum. 

After  weighing  well  the  relative  qualities  of  lead  and  cast  iron,  McCallan  prefers  the  latter, 
principally  because  it  does  not  require  platinizing. 

From  these  remarks  it  seems  just  to  infer  that  cast  iron  not  platinized — that  is,  plain — was,  on 
the  whole,  better  than  platinized  lead,  platinized  iron,  or  chromed  iron  ;  and  if  this  is  the  case  in 
the  laboratory,  it  will  be  much  more  so  in  the  field,  for  the  platinizing  process  will,  owing  to  the 
destruction  of  the  iron,  require  to  be  frequently  repeated,  entailing  much  expense  and  trouble,  and 
requiring  scientific  knowledge  and  practice.  It  was  only  necessary  then  to  test  the  merit  of  the 
substitution  of  cast  iron  for  the  platinum  in  Grove's,  and  the  use  respectively  of  nitric  and 
sulphuric  acid  mixed,  concentrated  nitric  and  sulphuric  acid  mixed,  and  concentrated  nitric  acid 
alone,  when  applied  to  produce  voltaic  action.     These  trials  have  been  made 

The  battery  made  by  Dalgleish,  of  the  Ordnance  Survey  Office,  Dublin,  deserves  particular 
notice.  He  employs  zinc  and  platinum  for  the  metals,  and  strong  nitric  acid,  though  it  should  not 
be  concentrated,  for  the  solution.  Platinum  cups  containing  nitric  acid  have  suspended  over  them, 
attached  to  a  bar,  cylinders  of  zinc,  which  are  kept  from  the  influence  of  the  acid  by  strong  elastic 
bands.  At  the  moment  the  voltaic  action  is  required,  a  pressure  on  the  bar  immerses  the  zinc,  and 
at  the  same  time,  by  an  ingenious  arrangement,  completes  the  connection  of  the  several  cells.  An 
action  ensues,  and  the  desired  effect  being  produced,  the  removal  of  the  hand  allows  the  elastic 
bands  to  withdraw  the  zinc  cylinders,  and  yet  to  keep  them  suspended  over  their  respective  cups 
from  further  destruction.    See  Figs.  1151  to  1153. 

1151. 


Plan 


Reference: — aaf  Platinum  cylinders  in  metallic  communication  with  the 
platinum  connectors  6  6.  c  c,  Zinc  rods  in  communication  with  the  platinum 
connectors  d  d.  When  in  action  dd  press  lightly  on  6  6,  thus  connecting 
each  zinc  rod  with  its  corresponding  platinum  cylinder. 


1152. 


Elevation. 
Reference: — The  right-hand  zinc  rods  are  omitted  to  show  more 
clearly  the  mode  of  closing  the  cylinders  with  the  lid  z,  when  not  in 
use.     //,  Straps  of  india-rubber,  which  are  intended  to  raise  the  bar 
x  when  pressure  is  removed,  so  as  to  stop  the  action. 


Section  on  A  B,  with  portions 
of  the  battery  in  elevation. 

Reference  : — e  e,  Poles  of 
the  battery  ss,  Screws. 
n  n,  Pillars  on  which  the  bar 
x  slides. 

Though  this  battery  is  classed  with  those  in  which  an  evolution  of  gas  occurs  they  can  by  no 
means  compare  with  it  in  energy.  Its  electro-motive  force  is  very  great  ;  nor  can  we  by  description 
do  justice  to  the  ingenuity  of  the  arrangement  by  which  the  zinc  cylinders  are  kept  out  of  the  acid 
till  their  destruction  is  necessary;  at  the  proper  moment  the  pressure  of  the  hand  immerses  them, 
and  simultaneously  makes  the  connection  of  the  several  cells. 
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With  respect  to  Wollaston's  battery  of  zinc  and  copper,  and  the  modifications  of  it  before 
mentioned,  we  did  not  submit  them  to  any  detailed  examination,  for  we  believe  it  is  well  known 
and  generally  acknowledged  that  Smee's  principle  is  superior  to  them  in  every  way.  Having 
satisfied  himself  of  the  truth  of  this  general  opinion,  Ward  tested  more  carefully  the  power  of  a 
Smee,  and  the  result  will  show  how  inadequate  such  an  arrangement  is  for  the  intense  and 
constant  heat  required  for  explosions  of  powder. 

The  plan  pursued  in  the  inquiry  into  the  merits,  or  productive  values,  of  these  several  forms 
of  battery,  was  to  ascertain  first  the  most  advantageous  size  and  arrangement  of  plates  to  cause 
the  circulation  of  the  required  amount  of  force  in  each,  and  then  to  select  the  one  best  for  use 
in  the  field. 

The  principle  on  which  Ward  proceeded  to  obtain  these  values  was  by  introducing  variable 
resistances  into  the  circuit,  and  bringing  the  force  of  the  current  circulating  in  each  case  to  an 
equality  ;  then,  by  equating  the  two  expressions  obtained,  we  can  arrive  at  the  electro-motive  force 
or  resistance  of  the  liquid,  according  to  the  conditions  of  the  experiment. 

To  apply  the  principles  mentioned,  it  is  necessary  to  have  the  means  of  varying  the  interposed 
resistance  gradually  between  any  required  limits  ;  and  the  instrument  employed  was  a  Kheostat, 
Fig.  1154. 

1154. 


The  following  is  a  description  of  it  : — g  is  a  cylinder  of  wood  with  brass  termination,  and  h  a 
cylinder  of  brass,  both  of  the  same  diameter,  and  having  their  axes  parallel  to  each  other.  On  the 
wood  cylinder  a  spiral  groove  is  cut,  and  at  one  of  its  extremities  is  attached  one  end  of  a  long 
copper  wire  of  small  diameter,  which,  when  coiled  round  the  wood  cylinder,  fills  the  entire  groove, 
and  is  fixed  at  its  other  end  to  the  extremity  of  the  brass  cylinder.  The  two  springs  j  and  k, 
pressing  one  against  the  brass  terminal  of  the  wood  cylinder,  and  the  other  against  the  brass 
cylinder  A,  are  connected  with  two  binding  screws  for  the  purpose  of  receiving  the  wires  of  the 
circuit.  The  movable  handle  m  is  for  turning  the  cylinders  on  their  axes  ;  when  it  is  attached 
to  the  cylinder  /?,  and  is  turned  to  the  right,  the  wire  is  uncoiled  from  the  wood  cylinder,  and 
coiled  on  the  brass  cylinder  ;  but  when  it  is  applied  to  the  cylinder  g,  and  turned  to  the  left,  the 
reverse  is  effected.  The  coils  on  the  wood  cylinder  being  insulated  and  kept  separate  from  each 
other  by  the  groove,  the  current  passes  through  the  entire  length  of  wire  coiled  on  that  cylinder; 
but  the  coils  on  the  brass  cylinder  not  being  insulated,  the  current  passes  immediately  from  the 

Î)oint  of  the  wire  which  is  in  contact  with  the  cylinder  to  the  spring  k.     The  effective  part  of  the 
ength  of  the  wire  is  therefore  the  variable  portion  which  is  on  the  wood  cylinder. 

A  scale  is  fixed  to  measure  the  number  of  coils  unwound,  and  the  fractions  of  a  coil  are 
determined  by  an  index  which  is  fixed  to  the  axis  of  one  of  the  cylinders,  and  points  to  the  dn  iflions 
of  a  graduated  scale. 

The  instrument  employed  was  made  on  the  same  principle,  though  of  larger  dimensions,  as 
more  suitable  to  the  inquiry  in  view.  The  cylinders  were  10  in.  long,  and  exactly  10  in.  in  circum- 
ference, the  wire  employed  being  about  -045  in.  diameter,  and  weighing  about  53  grains  a  yard. 
The  wood  cylinder  when  covered  held  190  turns  of  such  wire,  or  52£  yds.  ;  and  it  was  assumed  as 
the  standard  measure  of  resistance,  estimating  and  expressing  all  other  resistances  in  terms  of  tbii 
wire. 

Some  mode  was  requisite  by  which  the  force  of  the  current  circulating  could  be  measured.  A 
delicate  astatic  galvanometer  first  occurred  to  Ward  as  suitable  for  the  purpose  ;  but  he  found 
that,  though  well  adapted  for  the  measurement  of  feeble  currents  in  circulation,  it  was  not  so 
suitable  for  measuring  those  of  such  great  energy  as  are  required  for  the  purpose  of  exploding 
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powder.  It  seemed  that  the  resistance  of  the  liquid  stratum  and  the  electro-motive  forces  were,  in 
some  forms  of  battery,  dependent  in  a  degree  on  the  amount  of  electric  current  in  circulation,  or 
when  the  quantity  was  so  minute  as  to  be  accurately  measured  by  a  galvanometer  the  value  of  L 
was  less  than  when  a  more  energetic  current  was  passing.  On  the  other  hand,  when  a  sufficiently 
strong  current  was  circulating,  the  deflection  of  the  galvanometer  needle  was  so  great,  that  small 
variations  in  the  extent  of  the  circuit  produced  no  effect  on  the  variation  of  the  needle.  Frequent 
changes  were  also  apparent  in  the  magnetic  intensity  of  the  needle  when  acted  on  by  strong 
currents,  so  that  two  equal  degrees  of  variation  could  not  be  taken  as  indications  of  the  same 
amount  of  circulating  force.  It  was  therefore  no  easy  matter  to  ascertain  when  a  current  suffi- 
ciently energetic  for  the  object  of  the  inquiry  -was  in  circulation. 

"With  an  intention,  then,  of' ascertaining  the  amount  of  resistance  and  electro-motive  force  in 
every  form  of  battery,  when  a  current  of  sufficient  energy  for  exploding  powder  was  circulating, 
and  at  the  same  time  to  have  a  certain  indication  that  such  was  the  condition  under  which  he  was 
making  the  experiment,  Ward  adopted  the  following  plan.  In  some  part  of  the  metallic  circuit 
he  placed  a  thin  platinum  wire,  §  th  of  an  inch  long,  weighing  1  •  65  grain  a  yard.  Gradually 
varying  the  metallic  resistance,  he  then  ascertained  the  amount  at  which  the  small  wire  would 
just  melt.  As  the  same  degree  of  heat  would  always  be  necessary  to  fuse  the  same  length  and 
thickness  of  platinum  wire,  and  as  that  could  only  be  obtained  by  the  same  force  of  current  passing 
uniformly  through  all  parts  of  the  circuit,  and,  moreover,  as  the  fusion  of  this  wire  would  readily 
ignite  surrounding  powder,  he  thus  obtained  a  galvanometer  which,  at  one  view,  gave  all  the 
information  required. 

It  was  an  easy  matter  to  design  an  instrument  for  holding  the  wire,  or  any  number  of  wires,  if 
required.  Ward  had  one  constructed,  which  also  permitted  of  two  wires  being  placed  in  successive 
parts  of  the  circuit,  or,  if  necessary,  of  two  sets  of  six,  the  wires  of  each  set  being  arranged  side  by 
side.  (The  reason  for  both  these  arrangements  will  afterwards  appear.)  They  were  held  firmly 
between  parallel  brass  plates  ;  and  by  means  of  screws,  clamps,  and  a  graduated  scale  with  a 
vernier  attached,  any  length,  from  the  smallest  imaginable  to  1^  in.,  could  be  introduced  in  the 
circuits  for  the  purpose  of  experiment.  As  it  is  an  instrument  for  measuring  energetic  currents,  it 
may  be  called  an  intensity  galvanometer. 

Fig.  1155  represents  this  instrument,  s  s  is  a  wooden  stand,  resembling  a  fiat  ruler,  having  two 
graduated  scales  v  v  of  inches  and  tenths  of  inches  corresponding  to  the  verniers  on  the  bent  down 
edges  of  the  brass  slides  a  a.  In  the  figure  the  right  slide  is  represented  as  drawn  back,  and 
it  will  be  observed  that  it  carries  with  it  a  vertical  brass  transverse  plate,  provided  with  slits 
for  the  reception  of  the  platinum  wires,  which  are  then  kept  firm  by  the  capping  bar  bd,  here 
represented  open,  but  which  turns  on  a  hinge  at  6,  and  is  secured  firmly  to  the  plate  when  down 
by  the  lever-catch  represented  at  e  d.  The  other  ends  of  the  wires  are  received  in  slits  of  a 
similar  upright  piece,  which  forms  part  of  the  centre  plate  m,  which  is  attached  permanently  by 
screws  to  the  wooden  stand.    This  upright  piece  has  also  a  lid  p  d,  which  is  here  represented  as 

1155. 


closed  on  the  wires.  The  left  slide  a  consists  of  the  same  parts,  but  is  here  shown  as  closed  in 
to  the  central  upright  piece  on  that  side  ;  the  two  uprights  being  covered  by  the  cap  C,  which 
keeps  up  a  metallic  connection  between  the  left  and  right  slides,  just  as  the  platinum  wires  do  on 
the  other  side.  By  removing  the  cap  C  the  left  slide  becomes  movable  to  the  left,  and  wires  can 
be  inserted  between  the  upright  of  the  slide  and  that  of  the  central  plate,  just  as  is  exhibited  in 
respect  to  the  right-hand  slide,  ff  are  clamping  screws  to  secure  the  slides  in  any  required 
position,  ww  are  scows  for  receiving  the  connecting  wires  of  the  battery.  When  'it  is  only 
intended  to  use  a  single  w  ire  or  a  set  of  wires,  from  two  to  six,  arranged  side  by  side,  the  cap  C  must 
be  down  on  one  side,  either  the  right  or  the  left,  ns  here  represented  ;  but  when  it  is  wished  to  use 
two  distinct  wires  successively  in  line,  or  two  Bets  of  wires  in  succession,  the  cap  C  must  be  removed. 
The  instrument  maybe  made  to  complete  the  circuit,  if  necessary,  without  the  platinum  wires,  by 
closing  up  the  slide  on  the  right  as  on  the  left  side,  and  covering  the  uprights  by  another  cap 
similar  to  0. 

As  before  stated,  there  were  barely  53  yds.  of  standard  wire  on  the  rheostat,  but  it  was 
generally  necessary  to  introduce  much  greater  resistance  than  this.  The  means  of  doing  so 
were  easily  obtainable,  for  having  on  hand  about  two  miles  of  thin  copper  wire,  varying 
from  1G0  to  250  grains  a  yard,  covered  with  gutta-percha,  in  lengths  varying  from  75  yds. 
to  half-a-mile,  it  was  only  necessary  to  ascertain  the  resisting  power  of  these  in  terms  of  the 
standard  wire,  and  by  Wheatstone's  instrument  this  Mas  readily  done.  Thus  with  a  piece 
75  yds.  long,  taking  a  Grove's  battery  (though  any  constant  battery  would  do  equally  well), 
Ward  found  that  three  of  its  cells  were  capable  of  fusing  the  thin  platinum  wire  before  men- 
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tioned,  when  119£  turns  of  the  standard  wire  coiled  on  the  wood  cylinder  of  the  rheostat  wire 
were  included  in  the  circuit;  and  the  same  three  cells  fused  the  same  length  of  wire  when 
a  coil  of  wire  of  another  description  75  yds.  long,  together  with  68J  turns  of  rheostat  wire 

3  T^  ' 

composed  the  circuit.     Now,  three  cells  acting  in  series  are  expressed  by  ,   that  is,  three 

3  L 
electro-motive  forces  divided  by  three  liquid  resistances,  if  L  represent  the  resistance  of  the  liquid 
of  one  cell.  The  other  resistances  are  in  the  first  experiment  composed  of  119J  turns  of  standard 
wire,  and  the  platinum  wire,  the  amount  of  whose  resistance  we  may  call  p  :  in  the  second,  of 
75  yds.  of  coil,  68  J  turns  of  standard  wire,  and  the  platinum  wire  p.  Under  each  condition  of 
experiment  the  same  amount  of  force  was  capable  of  circulating  ;  calling  this  F,  we  have 

3E  3E 


F  = 


3  L4-  119i+p      3  L  +  681  +  75  yds.  +p 


By  which  we  obtain  75  yds.  =  51  turns  ;  or  the  resistance  opposed  by  the  75  yds.  of  coil  was 
equivalent  to  that  of  51  turns  of  standard  wire,  and  whenever  this  portion  was  introduced  into  the 
circuit  it  was  considered  equivalent  to  51  turns  of  standard  wire.  Again,  with  a  piece  of  greater 
length,  eighteen  cells  of  another  battery  were  capable  of  fusing  the  platinum  wire,  the  current 
passing  through  an  equivalent  of  868|  turns  of  standard  measure,  and  when  a  piece  550  yds.  long 
was  introduced,  the  same  result  could  be  produced  through  but  88|  turns.  The  550  yds.  piece  was 
then  =  868|  —  88A-  =  780J  turns  of  standard  wire  :  and  to  show  the  degree  of  accuracy  attainable, 
each  result  (namely,  868|  and  88-0  is  the  mean  of  eight  observations  ;  the  first  eight  observations 
differing  from  the  mean  868|  as  follows — 

i    oa    oi    is    9i    s    os   41  . 

4>     ¿il     ¿•it     Liì     ¿-il     4?     °4>    ^4   ' 

and  the  second  eight  from  the  mean  8S^  as  under — 

ñ1    fi7    07    0,7    i    41    91    11 

°~S1     D»>     ¿&Ì    ^8  J     "8'    *"8>     ^"85     X¥# 

The  probable  error  of  the  mean  difference  resulting  from  these  sixteen  observations  does  not 
exceed  1  •  15  turn  ;  that  of  a  single  pair  of  observations  being  within  3  ■  3  turns.  The  galvanometer 
is,  however,  capable  of  measuring  to  a  still  greater  degree  of  accuracy,  if  necessary.  The  above 
observations  were  made  with  a  battery  not  particularly  suitable  to  the  purpose,  and  with  less  than 
the  usual  degree  of  care,  in  a  period  of  less  than  a  quarter  of  an  hour  ;  the  coil  in  question  not 
being  required  for  the  subsequent  experimental  inquiry.  The  instrument  admits  of  a  repetition 
of  from  40  to  60  observations  an  hour  with  ease,  and  thus,  in  a  short  time,  it  would  be  easy  to 
obtain  a  result  free  from  any  but  an  almost  inappreciable  error.  In  a  similar  manner  the  resistance 
of  any  length  of  wire  could  be  reduced  to  a  standard  measure  ;  and  as  the  wires  were  covered  with 
gutta-percha,  Ward  was  able  to  arrange  them  in  coils  round  the  table  on  which  the  battery  stood, 
introducing  such  as  were  required  by  the  nature  of  the  experiment. 

As  the  thin  platinum  wire  before  mentioned  necessarily  formed  part  of  the  circuit  in  every 
experiment,  it  was  requisite  to  ascertain  its  resistance  in  terms  of  standard  measure.  This  was 
done  by  first  introducing  one,  and  then  two  such  wires,  all  of  the  same  length,  in  different  portions 
of  the  circuit  (for  which,  as  has  been  described,  the  galvanometer  was  adopted),  and  producing 
a  fusion  in  each  case  by  the  same  power  of  battery.  The  amount  of  standard  resistance  or  length  of 
standard  wire  which  had  to  be  taken  out  in  the  second  case  to  produce  fusion,  was  equivalent  to 
the  resistance  of  one  platinum  wire.  This  was  found,  by  the  mean  of  six  pairs  of  observations,  to  be 
60|  turns.  The  probable  error  of  this  result  being  =  1  turn,  and  that  of  one  pair  of  observa- 
tions =  2-3  turns,  is  equivalent— as  the  wire  is  but  *375  in.  long — to  '00618  in.  in  the  former  case, 
and  to  •  0142  in  the  latter. 

A  ready  mode  of  checking  the  correctness  of  this  result  is  always  at  hand  ;  it  is  as  follows  : — 
Find  the  utmost  length  in  standard  measure  of  the  metallic  circuit  (not  including  that  of  the 
platinum  wire)  which  will  admit  of  any  even  number  of  cells  in  series,  say  twelve,  fusing  that 
wire.  Ascertain  the  same  with  each  half,  or  six  of  those  cells.  The  sum  of  the  circuits  of  the 
two  sixes  deducted  from  that  of  the  twelve  will  give  the  standard  resistance  of  platinum  wire. 
This  will  be  a  true  result,  subject  of  course  to  corrections  for  errors  of  observation,  however 
irregularly  the  cells  maybe  working  inter  se;  and  a  reference  to  the  formula  will  easily  explain 
the  rule. 

It  might  be  supposed  that  the  resistance  of  these  several  wires  would  be  ascertainable  by  the 
s  I 
formula  w  —  — ,  when  the  specific  resistance,  the  length,  and  the  area  of  the  section  are  known  ; 

or  if  they  are  all  of  copper,  the  specific  resistance  being  the  same,  that  the  length  divided  by  tho 
weight  a  yard  should  give  the  comparative  resistance  ;  but  an  approximate  value  can  only  bo 
obtained  by  such  measures.  A  small  variation  in  the  description  of  copper  from  which  the  wiro 
is  manufactured  would  affect  the  value  of  s,  and  the  difficulty  of  obtaining  in  wires  of  small 
diameter  a  correct  value  for  a,  or,  what  is  its  equivalent,  the  difficulty  of  obtaining  along  wire  of 
a  uniform  weight  a  yard,  would  increase  the  probable  error  of  the  true  result.  For  insinuer, 
several  portions  of  the  same  wire  weighed  249-5,  233-5,  228  G  grains  a  yard,  as  ascertained  by 
a  delicate  balance  turning  to  -^  of  a  grain,  thus  denoting  an  irregularity  due  either  to  the  manu- 
facture or  .to  the  quality  of  the  copper. 

It  is  therefore  fortunate  that  Wheatstone's  rheostat  furnishes  such  a  ready,  as  well  as  practical, 
mode  of  ascertaining  the  degree  of  resistance  of  all  descriptions  of  wire  without  a  knowledge  of  any 

si 

of  the  factors  of  the  equation  w  =  —  , 

The  amount  of  error  into  which  we  may  be  led  by  determining  the  resistance  from  calculation 
instead  of  by  experiment  may  be  seen  from  the  following  Table,  in  which  that  practically  ascer- 
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tained  and  that  calculated,  each  in  terms  of  wire  weighing  53  grains  a  yard,  are  placed  side  by 
side  : — 


Actual  length 

of  Wire,  in 

Yards. 


75 
125 
245 
495 
280 


Weight  per 
Yard,  in  Grains. 


233-22 

228-66 

233-5 

249-5 

166-2 


Calculated  Actual  Resist- 

Resistance  in  ance  by  Experi- 

turns  of  ment  in  turns 

Rheostat.  of  Rheostat. 


61-3 
104-3 
200-2 
378*5 
321-4 


51 

83| 

172| 

322  £ 
4014 


Percentage  of 

Error  in 
Calculation. 


+  16-8 

+  19-7 
+  13-7 
+  14-8 
-  24-9 


Percentage  of 

Probable  Error 

in  ascertained 

Resistances. 


0-58 
0-53 
0-46 
0-34 
0-41 


Thus  the  first  four  lengths  (which,  as  before  stated,  are  portions  of  one  original  piece,  and  were 
therefore  probably  manufactured  from  one  description  of  copper)  are  tolerably  consistent  among 
themselves,  though  differing  on  an  average  by  more  than  15  per  cent,  plus  from  the  standard, 
whereas  the  last  piece  shows  a  minus  error  of  nearly  25  per  cent.,  making  an  aggregate  error 
between  the  two  descriptions  of  copper  wire  shown  in  the  Table  of  about  40  per  cent. 

Here,  then,  is  made  apparent  one  of  the  probable  sources  of  failure  in  demolition  by  voltaic 
agency.  The  different  diameters  of  the  pieces  of  495  yds.  and  of  280  yds.,  though  apparent  on 
close  examination,  would  not  strike  a  casual  observer  ;  in  fact  they  were  purchased  from  the  Gutta- 
percha Company  as  one  description  of  wire,  yet  the  resistance  of  the  shorter  lengths  as  compared 
with  the  longer  is  as  402  to  323  !  If,  then,  calculating  on  the  experimental  results  obtained  from 
the  former,  the  same  length  of  the  latter  wire  had  been  used  in  any  proposed  demolition,  the 
probable  result  would  have  been  total  failure. 

The  last  column  shows  the  probable  error  in  the  ascertained  resistance,  which  averages  under 
one-half  per  cent.  These  results  are  more  than  sufficiently  accurate  for  the  purpose  of  the  inquiryj 
though  by  no  means  so  near  as  it  would  be  easily  possible  to  attain,  since  it  is  within  the  compass 
of  an  easy  day's  work  to  ascertain  the  resistance  of  all  these  lengths  to  within  tijth.  per  cent,  of 
probable  error,  and  even  to  eliminate  error  altogether. 

It  was  easy  now  to  obtain  the  value  of  L  or  the  resistance  of  the  liquid  stratum  in  any  battery, 
as  well  as  the  proportional  value  of  any  electro-motive  force.  The  experimental  results  with  each 
battery  examined  now  follow,  being  prefaced  with  a  description  of  the  size  and  mechanical  arrange- 
ment of  each.  Ward  had,  for  the  commencement  of  the  investigation,  that  battery  of  Grove's 
construction  which  was  employed  in  the  demolition  of  Seaford  cliff  in  1850.  It  was  supplied  to 
the  Engineer  Department  at  Portsmouth  as  the  best  form  and  description  of  voltaic  implement 
known  for  the  purpose,  and  therefore  deserves  a  description  to  show  how  much  such  an  instrument 
is  capable  of  modification,  when  required  solely  for  blasting  purposes. 

The  battery  consisted  of  ten  cells,  in  each  of  which  was  suspended  one  plate  of  platinum,  with 
two  of  zinc  facing  it,  one  on  each  side,  at  a  distance  of  f  of  an  inch  ;  the  exciting  solution  being 
dilute  sulphuric  acid  for  the  zinc  in  the  proportion  of  1  of  acid  to  8  of  water,  and  strong  nitric  acid 
for  the  platinum,  the  two  acids  being  separated  by  a  porous  earthenware  diaphragm  ;  the  plates  in 
action  in  each  were  two  9"  x  7"  of  zinc,  and  one  6"  x  6"  of  platinum  ;  each  cell  requiring  2f  pints 
of  dilute  sulphuric  acid,  and  f  of  a  pint  of  nitric  acid.  Its  weight  when  charged  was  168  lbs.,  of 
which  40  lbs.  was  due  to  solution  and  44  lbs.  to  zinc  plates. 

Each  cell  then  had  the  power  of  circulating  the  standard  force  required,  that  is,  a  force  capable 
of  fusing  thin  wire,  through  a  resistance  of  66%  turns  standard  measure. 

It  was  evident,  on  first  sight  of  the  instrument,  that  this  battery  would  admit  of  considerable 
reduction,  if  the  principles  of  Ohm's  theory  were  correct  ;  and  that  if  the  distance  between  zinc  and 
platinum  was  reduced  from  £  to  -|  of  an  inch,  one-half  the  weight  of  zinc  (  =  22  lbs.)  and  a  cor- 
responding bulk  of  acid  could  be  dispensed  with,  without  lessening  in  any  degree  the  power  of 
each  cell.  With  this  consideration  in  view,  and  also  wishing  to  compare  an  arrangement  on 
Grove's  principle  with  one  of  Smee's  batteries,  Ward  had  one  of  the  former  constructed  with 
twelve  cells,  two  zinc  plates  4"  x  2"  being  in  action  in  each  cell,  one  on  each  side  of  a  plati- 
num plate  4"  x  4"  and  at  a  distance  from  it  of  about  -|  of  an  inch.  The  experimenter  also  had 
the  platinum  plates  platinized,  the  original  object  of  which  was  to  work  this  identical  battery 
as  a  Smee,  by  dispensing  with  the  porous  cells  and  nitric  acid;  but  thinking  afterwards  that  this 
might  appear  to  some  as  hardly  a  fair  trial  of  Smee's  arrangement,  Ward  abandoned  that  idea,  and 
used  these  platinized  platina  plates  in  the  Grove's  arrangement  only.  It  will  be  seen  subsequently 
that  platinized  platina  opposed  to  zinc  gives  a  stronger  arrangement  than  platinum  only— a  fact 
which  was  first  noticed  by  McCallan. 

The  investigation  was  intended  to  find  the  power  of  the  several  voltaic  combinations  when 
excited  by  ordinary  agents,  that  is,  those  which  might  readily  be  obtained  :  our  author  did  not  enter 
into  an  inquiry,  except  on  special  occasions  which  will  be  particularly  noticed,  as  to  the  degree 
of  power  attainable  by  the  use  of  concentrated  nitric  acid,  doubly-rectified  sulphuric  acid,  or  such 
reagents  as  are  difficult  or  expensive  to  procure,  or  dangerous  to  handle  ;  but  confined  himself 
to  the  task  of  ascertaining  the  power  attainable  from  ordinary,  or  what  are  termed  commercial, 
acids,  which  do  not  emit  fumes  destructive  to  health. 

The  rule  for  ascertaining  the  merits  of  any  voltaic  combination  is  this.  Arranging  any  number 
of  cells  in  series,  ascertain  the  metallic  resistance  that  can  be  comprised  in  the  circuit  which  will 
permit  ono  platinum  wire  to  be  fused.  With  the  same  number  in  series,  ascertain  the  extent  of 
circuit  which  will  admit  of  two  platinum  wires  placed  side  by  side  in  the  galvanometer  being 
fused  :  and  these  two  experimental  results  may  be  obtained  in  five  minutes  at  any  time  in  the 
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field  as  well  as  in  the  laboratory,  with  instruments  which  should  always  accompany  the  battery, 
by  a  single  observation  of  each  result  with  a  probable  error  not  exceeding  two  turns  ;  whilst  by  a 
repetition  of  observations,  all  appreciable  error  could,  of  course,  be  eliminated.  In  making  these 
trials,  it  is  not  necessary  that  the  operator  should  have  any  knowledge  of  the  metals  or  acids  of 
which  the  voltaic  arrangement  is  constituted.  The  experiment  will  show  him  at  once  if  the 
battery  is  to  be  trusted,  and  to  what  extent,  and,  if  any  disarrangement  has  occurred,  how  many 
cells  to  add  to  overcome  the  defect  :  indeed,  the  constancy  and  duration  of  the  heat  made  apparent 
on  the  wire  is  at  once  an  infallible  and  ready  test  of  the  value  of  the  battery  for  explosive 
purposes. 

The  demonstration  is  as  follows  : — Taking  n  cells  in  a  battery  whose  electro-motive  force  is  E, 
and  resistance  of  liquid  L,  suppose  a  metallic  resistance  w  to  be  the  extreme  that  can  be  interposed 
and  yet  enable  a  force  to  circulate  that  will  cause  the  platinum  wire  to  be  fused  ;  call  this  force  F, 

n  E 

then  the  equation  stands  F  =  — - .     Now,  if  the  extreme  metallic  resistance,  which  we  will 

n  L  +  w 

call  w',  is  ascertained  which  admits  two  identical  wires,  placed  side  by  side,  to  be  fused,  it  is 
evident  that  the  same  force  F  must  be  passing  along  each  wire  at  that  moment,  or  a  force  of  2  F 
along  both  together  ;  and  as  the  same  quantity  of  electric  fluid  must  be  passing  through  every  part 
of  the  circuit,  the  equation  representing  the  conditions  under  which  the  battery  is  working  will  be 

n  E 
expressed  by  2  F  =  — - ; .    Now,  as  the  numerator  in  both  these  expressions  is  the  same,  for 

in  both  experiments  the  same  number  of  cells  are  used,  the  denominator  in  the  last  must  be  one- 

w  —  %  w' 

half  of  that  of  the  first,  or  n  L  +  w'  =  h  (n  L  +  w)    .'.  L  =  .     Thus  the  average  resistance 

n 

of  n  liquid  strata,  or  n  L  can  be  obtained.  The  use  of  this  value  of  L  will  be  better  understood 
when  we  come  to  consider  the  other  numerical  values  in  each  case. 

Again,  suppose  we  have  two  separate  combinations  of  battery,  say  a  Smee  and  a  Grove 
arrangement,  of  which  it  is  desired  to  determine  the  comparative  value  of  the  electro-motive 
forces  :  let  the  electro-motive  force  be  E  and  E',  liquid  resistance  L  and  L',  and  the  quantity  of 
metallic  circuit  that  each  will  bear  when  n  cells  are  combined,  and  yet  permit  the  standard  force, 
which  we  will  in  future  call  a  force  F,  to  circulate,  be  w  and  va'.  Let  the  amounts  w  and  tu'  require 
an  increase  or  diminution  =  a  and  a' of  metallic  resistance  when  a  force  F'  is  required  to  circulate. 
We  then  have  in  the  first  case, 

Smee.  Grove.  Smee.  Grove. 

nE  „  nE'  _  .     „  ,  «E  _,  n  E' 

—=—, —  =  F  =     _  ;  ; — -, ,  and  in  the  second  — — ■ ■ —  =  F  =  — — — -,  ; 

nL+to  nLt+w  nlu  +  w±a  n  L  4-  w  ±  a 

then  of  course  E  :  E'  as  the  sums  of  the  respective  denominators  in  each  case,  but  they  are 
also  as  the  differences  of  the  denominators  of  their  respective  fractions,  that  is  to  say,  as  a  to  a', 
or  E  :  E'  :  !  a  :  a'. 

In  all  these  observations  the  forces  F  and  F'  have  been  in  the  ratio  of  2  to  1,  to  simplify  the  cal- 
culation ;  and  the  equations  under  the  conditions  became 

„  12  E         „,      rt„  12  E 

F  =  — ? ;  F'  =  2  F  = 


12L  +  w'  12L  +  w±a 

which  being  reduced,  for  the  purpose  of  determining  L  or  the  liquid  resistance,  gave 
12  L  =  w  —  2  (w  ±  a)  :  and  on  these  principles  Ward  took  the  observations  that  follow,  the  num- 
ber of  cells  in  series  in  all  cases  being  twelve. 

With  the  Grove's  having  plates,  4"  x  4",  of  zinc,  and  platinum  in  action  in  each  cell, 

1.  The  metallic  resistance  interposable  for  12  cells,  when  one  wire  \  or  y,  _  7-5 ^  turns. 

vas  fused         / 

2.  With  two  wires ..      ..      or  ^  —  a  =  350£      „ 

.-.  12  L  =  775A  —  701  =  74*5  turns;  the  probable  error  in  this  value  of  12  L,  as  calculated  from 
the  nature  of  the  observations,  is  =  1*7  turn;  that  of  775¿  turns,  similarly  calculated,  is  equal  to 
2  turns. 

The  electro-motive  force  of  this  battery  as  compared  with  any  other  would  be  the  difference  of 
these  two  observations  in  each  case,  that  is  to  say,  the  difference  of  the  denominators  of  the  equa- 
tions F  and  F',  as  before  stated.  In  the  present  case  this  is  775J  —  350¿  =  425,  having  a  probable 
error  of  1  •  6. 

The  duration  of  the  power  of  this  battery,  or  its  constancy,  as  it  is  called,  is  deserving  of  notice. 
The  results  just  given  show  its  energy  about  an  hour  after  charging,  at  which  time,  the  porous 
cells  being  well  saturated,  it  may  be  considered  to  have  been  at  its  maximum.  During  the  day 
it  was  experimented  with  sufficiently  to  fire  300  charges,  and  at  the  end  of  seven  hours  the  experi- 
ments above  described  were  repeated  in  the  same  order.  No.  1  gave  753^  turns;  No.  2,  3324,  from 
which  12  L  =  88,  and  comparative  value  of  E  =  420^.  Thus  the  resistance  of  the  liquid  liad  as 
regards  itself,  increased  18  per  cent.,  and  the  electro-motive  force  1  per  cent.;  but  the  twotogether 
had  reduced  the  available  energy  of  the  battery  from  775¿  to  753i  or  not  3  per  cent.  Inis  con- 
stancy is  readily  attainable  by  carefully  amalgamating  the  zinc  plates  before  charging,  an  operation 
occupying  a  few  minutes;  and  it  has  been  found  on  this  as  well  as  on  other  occasions  that  the  bat- 
tery will  continue  sufficiently  constant  for  all  practical  purposes  for  a  period  of  twelve  hours.  1  he 
small  loss  of  power  noticeable  here  is  probably  owing  to  the  fact  that  it  was  always  Ward  s  custom 
in  charging  the  several  batteries  to  mix  the  sulphuric  acid  and  water  immediately  before  filling 
the  cells;  this,  as  is  well  known,  raises  the  temperature  of  the  mixture  above  that  previously  sen . 
sible  in  either  of  the  liquids,  and  as  the  temperature  is  heightened  the  conducting  power  of  th* 
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solution  is  increased;  but  this  power  diminishes  as  the  solution  cools,  which  it  gradually  does.  On 
the  present  occasion  sulphuric  acid  and  water,  each  at  40°  Fahrenheit,  when  mixed  in  the  propor- 
tion of  one  measure  of  acid  to  eight  of  water,  gave  a  resulting  temperature  of  about  70°. 

When  this  battery  is  in  its  full  strength,  the  amount  of  resistance  commanded  by  12  cells,  that 
is,  the  amount  of  metallic  resistance  which  can  be  added  to  the  circuit  for  each  cell  in  series  without 
diminishing  the  value  of  the  circulating  force  below  the  standard  necessary  for  fusion,  is  =  775¿ 
turns  for  the  12,  or  64f  for  one  cell  ;  but  it  will  be  remembered  that  the  power  of  one  cell  in  the 
large  Grove  did  not  exceed  66^-  turns,  so  that  this  small  difference  is  the  only  loss  a  cell  by 
reducing  the  battery.  In  respect  to  the  gain,  the  quantity  of  nitric  acid  to  charge  each  cell  has 
been  diminished  from  -|  to  -i-  of  a  pint,  and  the  dilute  sulphuric  acid  from  2-J  to  \  of  a  pint.  These 
two  alone  diminish  the  cost  of  charging  10  cells  from  7s.  9d.  to  2s.  ;  but  as  this  acid  lasts  only 
12  hours,  while  the  others  are  available  for  24,  the  comparative  cost  should  stand  as  7s.  9c?.  to  4s. 
The  weight  of  10  cells  of  this  battery  when  charged  was  only  27  lbs,,  while  that  of  the  large  one 
was  168  lbs.  The  cost  of  construction  was  less  than  one-half,  and  the  cubical  contents  less  than  }. 
So  that  while  but  1-|  per  cent,  of  power  a  cell  has  been  lost,  the  gain  has  been  50  per  cent,  in 
prime  cost,  the  same  in  working,  600  per  cent,  in  weight,  and  700  per  cent,  in  bulk. 

n  F 

Referring  back,  let  us  substitute  in  the  equation  F  =  — - ,  the  value  of  n  =  12,  n  L  =  74 1 

nL-fw  " 

1  °  F  F  F 

and  w  =  7751,  and  we  have  F  =  ?4l  *  ??5i  =  6-JL  +  64^s  =  7ÖI  '  in  which  70a  represents  the 

utmost  amount  of  resistance  in  standard  measure  that  this  principle  of  battery  will  bear  a  cell, 
without  reducing  the  amount  of  circulating  force  below  the  force  capable  of  fusing  the  thin  wire, 

E 

that  is  the  force  F,  and  in  which — —  represents  how  this  total  resistance  is  apportioned 

»a5*  +  64-if 
between  the  liquid  and  metallic  circuit,  in  this  particular  sized  battery.     But  the  same  resulting 
force  could  be  obtained  by  a  battery  working  under  any  of  the  following  conditions,  namely 

E     E 

F  =  — - —  =— .  rn 

24f  +  46   70f  '  L  J 

=  _5 =i  [2] 

E     E  [3] 


70£  +  0   70f 

The  first  of  these  can  be  produced  by  a  diminution  of  the  size  of  the  plates  from  4"  x  4"  of  surface 
in  action  in  each  cell  to  2"x  2";  and  as  this  reduction  of  size  would  not  diminish  the  power  a  cell 
30  per  cent.,  or  from  64^  to  46,  while  it  might  reasonably  be  expected  that  the  expense  of  charging, 
weight,  bulk,  and  cost  of  battery  would  be  diminished  at  least  100  per  cent.,  this  modified  form  is 
evidently  preferable. 

No.  2  is,  theoretically  speaking,  the  most  economical  form  under  which  any  principle  of  battery 
can  work  for  the  circulation  of  the  force  required,  which  in  this  case  is  to  fuse  the  particular 
platinum  wire  that  we  have  been  using,  that  is,  when  the  liquid  resistance  of  each  cell  is  equal  to 
its  available  energy  ;  and  in  a  Grove's  combination  the  expression  represents  plates  about  1  ■  66  in. 
square  in  each  cell. 

The  third  expression  represents  a  battery  working  under  such  conditions  that  if  1000  cells  were 
placed  in  series  they  would  not  have  the  power  of  circulating  the  force  F  through  a  metallic  circuit 
of  1  ft. 

Theoretically  speaking,  No.  2  is  the  most  economical  form  of  battery;  but  other  considerations 
forbid  its  adoption.  To  obtain  the  power,  35^  the  cell  indicated  by  the  equation,  each  compart- 
ment must  be  carefully  filled  to  the  top,  as  failing  to  do  this  by  a  quarter  of  an  inch  would  sensibly 
diminish  the  power  a  cell.  Any  deterioration  in  the  strength  of  acid  employed  would  have  the 
same  effect,  and  the  whole  quantity  employed  being  so  small,  it  would  deteriorate  soon  after  the 
battery  was  charged.  It  will  be  seen  that  the  acids  used  in  the  Grove,  of  which  the  zinc  surfaces 
in  action  were  4"  x  4"  in  each  cell,  were  available  for  but  12  hours,  while  that  in  the  larger  size 
was  equally  so  for  24  hours.  Reasoning  from  this,  it  could  then  hardly  be  expected  that  the  small 
battery  represented  by  equation  No.  2  would  remain  efficient  for  one  hour,  or  work  economically 
for  one  quarter  of  an  hour. 

E 
One  more  condition  of  this  equation  deserves  notice,  namely,  F  = =rr-.  This  cannot  prac- 
tically be  attained  by  any  construction,  for  the  liquid  resistance  must  be  an  absolute  quantity;  but 
it  shows  the  important  fact  that  however  large  the  plates  of  a  Grove's  combination,  such  as  the  one 
wo  have  been  considering,  are  made,  the  force  F  could  not  circulate  if  in  each  cell  was  developed 
resistance  equivalent  to  70*  turns,  while  two  cells  2"  x  2"  can  bear  a  resistance  more  than  equal  to 
this,  and  yet  circulate  the  required  force  with  ease  ;  in  other  words,  that  for  the  circulation  of  the 
force  we  require  two  pairs  of  plates  in  series,  each  2"  x  2"  in  surface,  which  are  more  than  equi- 
valent in  force  to  one  plate  even  a  mile  square. 

No.  1  arrangement  having  then  been  decided  on  as  the  best,  a  battery  exactly  similar  to  the 
former  was  made,  but  having  zinc  plates  2"  x  1"  overlapping  platinum  2"  x  2";  the  former  facing 
the  latter  on  each  side,  and  thus  giving  a  surface  of  each  metal  2"  x  2"  in  action  in  each  compart- 
ment. This  diminution  in  size  permitted  the  zincs  to  be  brought  somewhat  nearer;  and,  instead 
of  being  5.  of  an  in.  from  the  platinum,  they  were  A. 

The  experiments  Nos.  1  and  2  were  made  with  this  battery,  giving  the  following  results  as  the 
mean  of  eight  observations  of  each  :  No.  1  =  571^^-  ;  No.  2  =  lG2-r75  ;  from  which  the  comparative 
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value  of  E  =  409^,  and  the  resistance  of  12  L  =  245f  :  the  probable  error  in  each  result  bein<*  1-5 
The  diminution  of  the  comparative  value  of  E  from  425  to  409^  is  attributable  to  the  platinized 
platinum  being  used  in  the  former  case,  while  ordinary  sheet  platinum  was  employed  in  this  and 
not  to  a  diminution  of  size,  which  does  not  influence  E.  The  sum  of  the  resistances  of  the  liquid 
in  twelve  cells  had  increased  from  74  •  5  to  245f. 

Now,  remembering  that  the  plates  had  been  reduced  to  J  the  size,  but  had  been  brought  nearer 
in  the  proportion  of  5  to  6,  calculation  from  the  first  result  would  give  the  second 

74"-5  x  4  x  5 

g =  248*, 

whilst  experiment  gives  245f.    Assuming  the  value  of  12  L  =  245f  or  L  =  20*47,  and  that  of  w  = 

|^i  =  47-65  ;  the  expression  F  =  j-íL  stands  „.„*„.„  =  ^  ,  showing  that  when 

the  platinum  is  not  platinized  a  Grove  will  bear  a  resistance  of  but  68  turns  of  standard  measure 
instead  of  nearly  71,  as  before,  to  each  cell. 

'  Referring  back  to  the  largest  Grove,  namely,  that  with  zinc  plates  9"  x  7"  and  platinum  6"  x  6", 
we  may  consider  the  area  of  the  mean  section  of  the  fluid  on  each  side  =  49  J",  and  the  plates  being 
I  of  an  in.  apart,  facing  the  platinum  on  each  side,  the  value  of  12  L  in  this  battery  by  calculation 

74 "5  X  16 
would  be  — j— —  =  24  nearly,  or  about  2  turns  a  cell  ;  and  as  the  available  energy  of  the 

battery  is  66%  turns,  the  condition  under  which  the  largest  Grove  circulates  a  force  F  is  numerically 

expressible  thus  ;  F  =  =  — -  ,  which,  admitting  experimental  error,  is  the  same  expression 

¿  +  bbf       bog- 
as that  obtained  from  plates  but  2"  square  ;  thus  showing  that  increasing  the  size  of  plates  does  not 
increase  the  electro-motive  energy,  that  is  the  value  of  E,  for  the  superior  available  energy  of  66\ 
turns  in  the  large  Grove  is  merely  due  to  the  diminished  resistance. 

This  principle  has  been  established,  both  by  Ohm's  theory  and  experiments,  and  required  no 
further  demonstration,  except  to  bring  the  consideration  of  it  to  special  notice  as  materially  affecting 
a  part  of  the  following  inquiry. 

The  batteries  hitherto  used,  it  will  be  borne  in  mind,  were  made  with  zinc  plates  overlapping 
the  platinum  plate,  and  facing  it  on  each  side.  Thus  the  outer  surface  of  the  zincs  was  not  directly 
opposed  to  any  negative  metal.  To  ascertain  if  this  portion  did  any  work,  Ward  carefully  covered 
with  a  thick  coating  of  sealing-wax  varnish  the  outer  surfaces,  so  that  it  was  impossible  they  could 
be  acted  on,  and  then  tried  on  a  subsequent  day  the  variation  of  E  for  12  cells,  as  compared  with 
former  experiments,  but  he  found  no  diminution  of  power.  To  make  sure  that  this  was  not  owing 
to  any  peculiarly  good  acid  used  on  that  day,  he  removed  the  varnish  from  each  plate  and  reinserted 
them  in  the  same  solutions.  The  battery  was  found  somewhat  diminished  in  power,  but  very 
slightly,  not  more  than  2  per  cent.,  though  if  the  outer  surfaces  had  been  acting,  it  ought  to  have 
increased  in  power.  This  was  probably  owing  to  the  longer  time  it  had  been  in  action.  These 
trials  evidently  proved  that  no  sensible  power  is  obtained  from  the  outer  side  of  a  plate,  or  from 
any  other  surfaces  that  do  not  directly  oppose  each  other  ;  for  had  there  been  3  per  cent,  of  increase 
it  would  certainly  have  made  itself  apparent.  It  is  not  at  all  surprising  that  it  should  be  so  ;  for, 
referring  to  the  principles  of  the  action,  the  electro-motive  force,  that  is,  the  affinity  of  the  zinc 
and  liquid  for  each  other,  depending  on  their  nature,  and  not  their  quantity,  cannot  be  increased  ; 
the  amount  of  electric  fluid  they  can  supply  is  unlimited,  and  controlled  solely  by  the  resistance  of 
the  liquid  to  its  transmission,  this  resistance  varying  directly  as  the  distance  between  the  plates  ; 
and  hence  it  seems  in  due  course  that  the  whole  of  the  supply  should  be  obtained  from  the  parts 
where  it  can  be  so  done  with  the  greatest  facility,  namely,  from  those  which  are  nearest  to  or  directly 
opposing  the  platinum. 

The  result,  however,  must  not  be  confounded  with,  or  supposed  contrary  to,  those  obtained 
when  the  zinc,  being  opposed  on  each  side  by  a  negative  metal,  the  battery  is  found  to  exhibit 
greater  energy  than  when  the  copper  or  platinum,  or  whatever  the  negative  metal  may  be,  is  on  one 
side  only  ;  for  here  the  zinc  is  directly  opposed  by  a  negative  metal  on  both  sides,  and,  of  course, 
supplies  electric  fluid  from  each  side,  though  the  negative  metal  is,  in  this  case,  not  working  to 
the  utmost  advantage.  The  fact  however  made  evident,  to  whatever  cause  attributable,  was  of 
great  importance,  as  it  admitted  of  the  battery  being  much  simplified,  of  dispensing  with  many 
binding-screws  and  of  much  unserviceable  metal,  as  well  as  of  an  economy  of  size  and  weight,  and 
an  increase  of  power,  for  the  plates  could  now  be  brought  nearer  together. 

Adhering,  then,  to  the  same  sized  plates,  a  diminution  of  which  seemed  of  no  practical  ad- 
vantage, a  battery  was  constructed  with  plates  of  zinc  and  platinum  welded  together  in  the 
simple  style  that  zinc  and  copper  used  to  be  arranged  in,  one  of  each  pair  being  in  a  separate  a  II, 
and  the  platinum  immersed  in  nitric  acid  being,  of  course,  separated  from  the  zinc  of  anothi  r 
couple  immersed  in  dilute  sulphuric  acid  by  the  porous  cell  containing  it  and  the  nitric  acid.  A 
battery  so  made  permitted  the  plates  to  be  brought  to  an  average  distance  of  little  moie  than 
T3p  of  an  in.  from  each  other,  and  by  the  simple  contrivance  of  a  lid,  every  pair  ami  every  corona 
cell  was  kept  in  its  place,  and  could  be  thus  transmitted  as  ordinary  baggage  by  rail,  without 
extra  packing  or  precaution.  Fig.  1156  represents  one  of  these  batteries  of  six  plates,  and  the 
connecting  metallic  straps  are  so  represented  as  to  explain  the  manner  in  which  several  of  these 
batteries  may  be  combined  together  ;  Fig.  1157  represents  a  single  pair  of  plates. 

Six  pairs  of  plates  so  arranged  occupied  a  box  not  exceeding  7"  x  4"  x  4",  substantially  made 
for  use  in  the  field,  including  binding-screws  and  porous  cells  ;  and  the  reason  for  this  arrangement 
of  six  cells  in  one  box  will  be  afterwards  explained.  The  result  of  the  fusion  of  one  and  of  two 
Wires  by  twelve  cells,  or  two  box  batteries  of  this  arrangement,  gave  on  one  occasion,  No.  1  s  561 
and  No.  2  =  240|  ;  from  which  12  L  =  169J,  and  the  proportional  value  of  E  =  410}. 

4  2'  2  N  2 
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On  another  occasion,  No.  1  gave  641,  and  No.  2  gave  230f ,  showing  that  the  total  resistance 
12  L  was  now  =  179  J,  but  that  the  value  of  E  was  unchanged  ;  the  variation  in  the  resistance  beino- 
due  to  the  time  at 
which  the  experi- 
ments were  made,  as 
the  increase  was  pro- 
bably owing  to  a  dif- 
ferent set  of  twelve 
having  been  used  in 
each  case. 

If  we  adopt  the 
mean  of  these  two,  or 
12L  =  1745,L  =  14i 
may  fairly  be  taken  to 
represent  the  resistance  of  the  liquid 
when  the  battery  is  in    its    strongest 
action,  namely,  for  the  first  three  hours 
after  it  is  charged.     Also  the  electro- 
motive force  of  a    Grove    battery  un- 
platinized  may  be  represented  by  the 
numerical  value  410,  as  on  three  sepa- 
rate occasions  experiments  have  given  it 
409/T,  4101,  and  4101,  that  of  a  platinized 
Grove  being  425. 

To  ascertain  how  much  the  power 
of  this  battery  diminished  when  left 
charged,  the  same  experiments  were  re- 
peated after  six  hours,  and  No.  1  was 
then  found  =  484|,  and  No.  2  =  104±; 
giving  E  =  380,  and  12  L  =  275^.  Thus 
the  electro-motive  force  had  diminished  7  per  cent.,  and  the  liquid  resistance  had  increased  35  per 
cent.     These  two  circumstances  combining,  diminished  the  available  energy  of  the  battery  a  cell 

from  — -  =  53|  to  — —  =  40|,  or  about  25  per  cent. 

For  the  first  two  or  three  hours  the  conditions  under  which  the  force  F  circulates  in  the 
E  E 

battery  is  expressed  by  F  =  =  -^-— ,  which  expresses  that  each  cell  commands  a  resist- 

ing' +  04        bb-g- 
ance,  or  has  an  available  energy  sufficient  to  overcome  a  resistance,  equivalent  to  54  turns  of 
standard  wire.     At  six  hours  after  charging,  this  command  had  decreased  to  40J  a  cell,  for  the 

E  E 

battery  then  worked  under  conditions  expressed  by  F  =  -  =  — ■ — - .      The  denominators 

68£  and  6i\  denoting  the  comparative  strength  of  the  electro-motive  force  at  the  two  periods. 
This,  then,  is  believed  to  be  the  most  convenient  form,  size,  and  arrangement,  for  a  Grove  battery 

intended  for  the  explosion  of  powder  ;  for  though  on  looking  at  the  numerical  value  of  L  +  —  it 

n 
may  seem  that  the  size  of  the  plates  could  yet  be  reduced,  it  must  be  borne  in  mind  that  though 

E  E  ° 

a  forces  expressed  by  — •—  and  — — -  are  sufficient  at  their  respective  periods  for  fusin^  the 

boj  boj 

platinum  wire  when  in  the  galvanometer,  a  still  greater  force  will  be  necessary  for  the  same  fusion 
when  that  wire  is  surrounded  by  powder.  A  small  platinum  wire,  not  exceeding  ■  0056  of  an  in. 
in  diameter,  in  contact  with  any  substance,  must  be  subject  to  a  great  abstraction  of  heat  but 
how  much  this  is  Ward  was  not  able  accurately  to  determine,  though  supposing,  as  he  believed  to 

E  E 

be  the  case,  that  about  one-third  is  thus  withdrawn,  — ■  and  —  would  more  nearly  represent  the 

force  required  to  circulate,  under  such  circumstances,  to  produce  fusion,  giving  46  — 14£,  or  31*, 
and  42  —  23,  or  19,  as  the  available  energy  to  each  cell.  Again,  if  a  number  of  charges  ina  circuit 
are  to  be  fired,  a  still  greater  amount  of  circulating  force  is  desirable  to  ensure  success,  and  over- 
come small  differences  in  the  lengths  of  the  several  platinum  wires.  Sometimes  also  a  thicker 
platinum  wire  may  be  employed,  which  would  require  greater  power  to  fuse.  For  all  these 
reasons  any  further  reduction  is  unadvisable. 

Having  thus  decided  that  the  size,  form,  and  arrangement  just  described  were  the  most  con- 
venient for  a  Grove  battery,  when  required  for  the  purposes  of  exploding  powder,  Ward  proceeded 
to  ascertain  what  increase  of  power  he  could  obtain  from  it  by  using  first  concentrated  nitric  acid 
specific  gravity  1  '  500,  and  then  a  mixture  of  concentrated  nitric  and  sulphuric  acids,  in  equal  pro- 
portions. 

With  the  former,  No.  1  experiment  gave  701. 
n        No.  2  „  „     262. 

From  which  12  L  was  found  =  177,  and  the  comparative  value  of  E  =  439  ;  and  he  therefore 
concluded  that  concentrated  nitric  acid,  used  in  place  of  the  commercial  acid,  increases  the  electro- 
motive energy  of  the  battery  about  7  per  cent.,  but  has  no  influence  on  the  resistance  of  the 
liquid. 

The  mixturo  of  concentrated  nitric  acid  with  sulphuric  acid,  in  equal  proportions,  has  for  its 
object  the  strengthening  of  the  former;  as  the  sulphuric  acid/from  its  powerful  affinity  for  water, 
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withdraws  that,  which  is  essential  for  the  préservation  of  nitric  acid  in  its  liquid  state.  A  combi- 
nation of  the  sulphuric  acid  with  the  small  quantity  of  water  it  finds  disengages  also  a  verv  <^reat 
amount  of  heat,  and  the  mixture  gives  forth  copious  fumes  of  nitric  acid,  which  are  destructive  to 
health  ;  the  liquid  at  the  same  time  in  any  but  practised  hands  being  dangerous  to  handle.  It  is 
desirable  therefore  that  such  a  mixture  should  never  be  applied  in  the  field,  or  be  put  into 
unskilful  hands.  Its  effect  in  giving  energy  to  the  battery  was  however  tried,  and  the  result  was 
that  at  first,  while  the  acid  was  warm,  it  had  the  effect  of  reducing  the  resistance  of  the  liquid, 
but  gave  no  appreciable  increase  of  electro-motive  force.  When  the  whole  had  fallen  to  the 
ordinary  surrounding  temperature,  all  extra  power  had  vanished.  The  employment  of  concen- 
trated nitric  acid  alone  gave  an  increase  of  electro-motive  energy  of  but  7  per  cent,  to  each  cell  above 
that  when  common  acid  was  used.  The  price  of  the  former  is  about  three  times  that  of  the  latter, 
and  its  fumes  are  deleterious,  while  the  latter  hardly  emits  any.  Ward  therefore  considers  it 
unnecessary  to  employ  these  extraordinary  reagents  in  any  case,  especially  when  any  inferiority  of 
power  can  be  compensated  by  a  proportional  addition  of  cells. 

It  may  be  as  well,  before  leaving  the  Grove  principle,  to  show  how  much  the  original  battery  was 
susceptible  of  improvement  for  our  particular  object,  and  to  do  this  our  experimenter  has  arranged, 
side  by  side,  the  expenses  of  keeping  each  charged  during  24  hours,  so  as  to  be  able  at  any  time 
during  that  period  to  fire  one  charge  through  conducting  wires  weighing  about  250  grains  a  yard, 
at  the  distance  of  half  a  mile,  assuming  what  his  experiments  have  shown  must  be  about  the 
truth,  namely,  that  when  allowance  is  made  for  the  cooling  effect  of  the  powder,  a  power  repre- 

E 
sented  by  — —  will  fire  instantaneously  one  charge,  with  platinum  wire  f"  long,  and  weighing 

1  •  66  grain  a  yard. 

Large.  Small. 

Price  of  acids  (used  to  charge)   . .      ..     17s.  6d 7s.  6c?. 

Weight  of  apparatus  charged     . .      . .     386J  lbs 36  J  lbs. 

Size  of  apparatus 6  cub.  ft J  cub.  ft. 

Cost  of  „         46  guineas    ..      ..  under  101. 

The  inquiry  into  the  power  of  Grove's  principle  of  voltaic  combination  has  been  given  in  some 
detail,  to  show  the  mode  of  proceeding,  and  the  conclusion  to  be  drawn  from  experiment. 

Bearing  in  mind  that  the  size  of  the  plates  has  no  influence  on  the  electro-motive  force,  and 
that  any  diminution  of  them  makes  itself  apparent  only  by  an  increase  of  the  resistance  of  the 
liquid  reaction,  it  will  be  seen  that  it  was  easy  to  obtain  the  electro-motive  energy  of  any 
particular  arrangement,  by  simply  altering  the  metals  and  exciting  solutions.  Thus,  if  cast  iron 
was  substituted  for  platinum,  and  experimental  results  1  and  2  obtained,  we  have  a  complete 
knowledge  of  the  electro-motive  energy  of  one  of  McCallan's  batteries,  and  also  its  resistance  when 
made  of  that  size.  The  former  numerical  result  would  stand  true  under  any  arrangement  of  cells 
and  plates,  and  from  the  latter  the  liquid  resistance  of  any  arrangement  could  be  deduced  suffi- 
ciently near  for  all  practical  purposes. 

With  Daniell's  battery  we  have  but  to  substitute  copper  for  platinum,  and  sulphuric  acid  and 
copper,  in  the  proportions  recommended  by  Ward,  for  nitric  acid,  and  we  could  obtain  its  power 
under  every  condition,  and  so  on  with  any  other  combination.  First,  with  respect  to  Daniell's 
arrangement,  the  metals  were  zinc  and  copper  ;  and  the  solutions  dilute  sulphuric  acid,  in  the  pro- 
portion of  one  of  acid  and  eight  of  water  for  the  zinc,  and  a  saturated  solution  of  sulphate  of  copper 
in  dilute  sulphuric  acid,  of  the  same  strength,  with  the  copper ,  the  two  solutions  being  kept  apart 
by  a  porous  diaphragm,  whilst  the  temperature  and  conditions  under  which  the  trials  were  made 
were  similar  to  those  to  which  Grove's  principle  had  been  subjected 

The  electro-motive  force  as  compared  with  Grove  s  was  sm  235  to  41 0,  though,  as  these  results 
were  somewhat  hastily  obtained,  w  do  not  submit  them  as  wholly  accurate  and  the  resistance  of 
the  liquid  of  12  cells  2"  x  2"  was  242|  turns,  Grove  o  having  been  found  to  have  174¿  at  the  first 
hour,  and  275J  at  the  end  of  six  hours. 

Daniell's  battery  has  the  advantage  of  greater  constancy,  us  liquid  resistance,  while  the 
sulphate  of  copper  is  kept  saturated,  remaining  the  same  at  the  same  temperature.  On  the  other 
hand,  difference  of  temperature  has  considerable  influence  on  the  success  of  the  battery,  owing  in 
a  great  measure  to  the  variation  of  the  resistance  of  the  liquid  the  dilute  acid  at  a  high  tempe- 
rature taking  up  more  sulphate,  which,  as  the  mixture  cools,  crystallizes  in  the  pores  of  the 
diaphragm,  and  thus  increases  the  resistance  and  diminishes  the  energy  of  the  battery. 

Ward  did  not  test  what  difference  is  due  to  changes  of  temperature,  for  a  Daniell's  arrangement 
being  more  complicated  than  Grove's,  it  was  but  necessary  to  compare  them  under  ordinary  con- 
ditions of  temperature  to  determine  theii  relative  merits  in  the  field,  where  means  for  raisin.-  ao 
artificial  heat  cannot  be  generally  accessible. 

Grove's  battery  is  not  so  influenced  by  changes  of  temperature,  that  indicated  by  5(P  Fahr, 
being  in  all  cases  sufficient,  and  superior  to  this  can  always  be  obtained  by  mixing  the  sulphuric 
acid  and  water  just  previous  to  charging  the  cells. 

A  trial  was  made  to  form  an  idea  what  difference  of  power  would  result  if  a  saturated  solution 
of  sulphate  of  copper  in  water  was  used  in  preference  to  the  same  in  dilute  sulphuric  acid.  The 
electro-motive  force  showed  an  increase  of  power  throughout  the  day  from  235  to  242  ;  but  the  re- 
sistance of  12  cells  2"  x  2"  at  the  commencement  was  605^,  or  nearly  2\  as  much  as  in  the  formel 
case.  The  latter,  however,  diminished  during  the  day,  owing  to  the  more  intimate  mixture  of  the 
two  solutions  through  porous  cells,  the  battery  consequently  increasing  in  energy,  and  at  the  end 
of  six  hours  it  stood  at  402  turns. 

The  solution,  as  recommended  by  Danieli  gave  the  stronger  energy,  the  resistance  of  the 
liquid  of  12  cells  being  about  248,  and  the  available  energy  the  cell  equal  to  about  1!)  turns.^ 

The  condition,  then,  under  which  a  battery  having  surfaces  of  zinc  and  copper  2x2 
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E  E 

in  action  at  -|  of  an  in.  apart,  stands,  is  this  :    F  =  —  ±  =  —^ ■  ;  and  as  here  the  value 

of  L  is  greater  than  u?,  it  is  evident  that  such  a  size  of  plates  is  disadvantageous  for  a  Daniell's 
arrangement. 

The  amount  of  negative  metal  in  this  battery  is  that  comprised  in  a  hollow  cylinder  of  copper 
Sh  in.  diameter,  and  varying  in  height  according  to  the  power  desired.  Suspended  in  the  centre  is 
azinc  rod,  that  employed  at  Chatham  being  f  of  an  in.  in  diameter  and  20  in.  high.  If,  then,  we 
take  for  the  area  of  the  mean  section  of  the  fluid  the  surface  of  a  cylinder  20"  high  and  -|"  dia- 
meter, being  the  mean  of  the  diameters  of  the  zinc  and  copper  cylinders,  we  shall  have  a  total 
area  of  nearly  134  in.,  at  a  distance  of  ig  of  an  in.  ;  but  it  has  been  found  above  that  a  surface 
of  4"  at  a  distance  of  about  ^  of  an  in.  opposes  a  resistance  of  20J,  and  hence  a  surface  of  134  in. 
at  a  distance  of  y  of  an  in.  would  oppose  a  resistance  of  2J,  leaving  an  available  energy  = 
39c  -  2J  =  36|  the  cell,  when  porous  earthenware  is  employed  as  the  intervening  diaphragm. 

Danieli,  however,  remarks  that  ox-gullet  opposes  less  resistance  than  earthenware  ;  and  if  we 
assume  the  resistance  to  be  diminished  by  this  substitution  to  1J  turn  the  cell,  it  will  be  giving 
the  battery  every  advantage  ;  and  then  the  available  energy  to  each  cell  will  be  37f  turns  for  firing 
the  small  platinum  wire  when  placed  in  the  galvanometer  ;  or  allowing,  as  we  did  before,  that  one- 
third  greater  force  is  required  to  fuse  it  when  in  contact  with  powder,  the  available  energy  a  cell 
will  be  reduced  to  25  turns. 

Supposing,  then,  that  the  Daniell's  battery,  of  the  arrangement  described  by  its  author  and  the 
size  above  specified,  is  required  to  be  applied  to  the  explosion  of  a  mine,  its  power  the  cell,  as  com- 
pared with  the  small  Grove,  would  be  about  as  25  to  32,  or  3  to  4  nearly.  Now,  the  weight  of 
10  cylinders  of  Daniell's  battery  charged  is  137  lbs.,  whereas  10  cells  of  Grove's  do  not  weigh  8  lbs.  : 
and  further,  the  Danieli  is  much  more  complicated  in  its  arrangement. 

McCallan's  plan  of  substituting  cast  iron  for  platinum  was  tried.  The  electro-motive  force 
seemed  to  be  about  the  same  as  in  the  Grove's  ;  but  as  it  seldom  remained  constant,  owing  to  the 
dilution  of  the  nitric  acid  and  destruction  of  the  iron,  it  was  not  easy  to  determine  it  with  accuracy. 
It  oscillated  between  408  and  413,  that  of  Grove's  being  410.  The  resistance  also  of  the  liquid 
being  at  the  commencement  the  same  as  in  the  Grove's,  it  might  seem  that  iron,  being  cheaper, 
could  be  advantageously  substituted  for  platinum  ;  there  are,  however,  some  material  objections 
to  the  substitution.  The  nitric  acid  destroys  the  iron  during  the  whole  period  that  the  battery  is 
kept  charged,  and  the  more  so  as  the  acid  gets  diluted,  forming  a  solution  of  nitrate  of  iron  in 
nitric  acid,  and  thus  is  every  moment  deteriorating  its  own  power  of  absorbing  hydrogen,  the 
battery  consequently  falling  in  energy.  The  nitrate  of  iron  also  impregnates  the  porous  cells  ;  and 
in  dismantling  the  battery  it  is  necessary  to  soak  them  for  some  hours  in  water,  to  be  frequently 
changed,  before  permitting  them  to  dry,  otherwise  the  iron  salt  crystallizing  in  the  cells  will  crack 
the  earthenware.  In  addition  to  this,  the  action  of  the  nitric  acid  on  the  iron  is  sometimes  so  great 
as  to  cause  the  acid  to  boil  over,  necessitating  a  rearrangement  of  cells. 

All  this  trouble  and  uncertainty  is  dispensed  with  by  the  use  of  platinum,  which  is  uninfluenced 
by  the  acid  ;  and,  though  the  first  cost  of  a  platinum  battery  is  much  greater,  in  the  end  it  will  be 
found  both  cheaper  and  more  efficacious. 

The  substitution  of  a  saturated  solution  of  nitre  and  sulphuric  acid  in  equal  proportion  was 
tried  with  the  battery  of  McCallan.  This  also  is  a  most  troublesome  arrangement  ;  it  is  very 
inconstant,  so  much  so,  indeed,  as  to  be  quite  unsuited  for  circulating  energetic  currents  ;  it  is  con- 
tinually boiling  over,  and  however  well  it  may  answer  for  experimental  researches  in  a  laboratory, 
it  should  never  be  trusted  for  the  explosion  of  mines.  Its  electro-motive  energy  varies  according 
to  the  amount  of  force  required  to  circulate  ;  but  for  the  quantity  necessary  to  fuse  the  platinum 
wire  it  never  exceeded  \  of  Grove's,  and  only  came  up  to  that  occasionally.  The  object  of  this 
substitution  of  nitre  for  nitric  acid  is  stated  by  McCallan  to  be  economy  ;  but  it  has  been  shown 
that  Grove's  battery  can  be  kept  charged  at  a  cost  of  ^V  of  a  penny  a  cell  an  hour. 

If,  however,  nitre  could  have  been  trusted  to  excite  a  battery,  even  in  an  inferior  degree,  its  appli- 
cation would  have  been  worthy  of  further  inquiry,  as  it  might  sometimes  happen  in  the  field  that  the 
supply  of  nitric  acid  should  fail  ;  but  so  long  as  gunpowder  remained  in  store  there  could  be  no 
difficulty  in  obtaining  a  suitable  solution  of  nitre,  by  simply  boiling  up  powder  and  filtering  it 
through  blotting  paper.  The  application  of  this  ingredient  however,  as  we  have  before  said,  gives 
very  precarious  and  uncertain  results,  and  should  never  be  resorted  to  by  any  but  those  who  have 
had  long  practical  acquaintance  with  voltaic  phenomena. 

We  now  come  to  another  class  of  batteries,  namely,  those  in  which  but  one  kind  of  solution  is 
employed,  the  use  and  complication  of  porous  cells  being  thus  dispensed  with.  It  was  on  this  prin- 
ciple that  the  voltaic  battery  known  by  the  name  of  "Wollaston's  battery  was  constructed.  The 
defects  in  its  mode  of  action,  which  have  been  explained  in  the  first  part  of  this  paper,  suggested 
the  employment  of  either  cast  or  wrought  iron  as  a  substitute  for  copper  ;  the  rough  surface  thus 
presented  to  the  evolving  hydrogen  favouring  its  escape.  Subsequently  Smee  substituted  plati- 
nized silver,  that  is,  silver  on  which  the  black  powder  of  platinum  had  been  previously  thrown 
down,  thus  presenting  an  infinity  of  small  points  to  aid  the  escape  of  the  gas. 

Probably  for  the  circulation  of  currents  of  inferior  energy,  such  as  are  suitable  for  electro- 
plating, the  operation  of  a  Smee  may  be  perfect,  and  no  obstruction  occur  by  the  detention  of  the 
gas  :  but  when  a  force  necessary  for  fusing  platinum  wire  is  required,  the  quantity  of  gas  gene- 
rated is  by  no  means. satisfactorily  evolved.  In  fact,  the  battery,  as  it  were,  chokes  itself  by  its 
own  exertions  ;  and  if  three  or  four  successive  demands  are  made  upon  it  in  the  course  of  a  few 
seconds,  its  power  of  igniting  platinum  wire  entirely  disappears, — nor  does  it  return  till  the  cells 
have  been  allowed  to  rest,  and  thus  set  free  the  hydrogen. 

The  battery  from  which  these  experimental  results  wore  obtained  was  identical  in  size  and 
construction  with  the  second-sized  Grove  before  described,  which  was  made  similar  to  this  for  the 
purpose  of  ascertaining  their  comparative  merits. 
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The  electro-motive  force  of  Smee's  battery,  ascertained  when  it  was  acting  under  the  most 
favourable  conditions,  was,  a3  compared  with  Grove's,  116  to  410,  and  the  resistance  of  the  liquid 
stratum  of  12  cells  =  35  ;  that  of  a  Grove  of  the  same  size  having  been  found  to  be  74J.  The 
available  energy  of  12  cells  of  this  size  —  197  turns.  The  equation  then  representing  the  condi- 
tion under  which  this  principle  of  battery  circulates  a  force  F  would  be  represented  by 

3  +  161      191  ' 

that  is,  each  cell  has  a  command  over  \6\  turns  of  standard  wire  when  a  force  sufficient  for  fusing 

E 
platinum  wire  in  the  galvanometer  is  required  ;  and  as  \  greater  force  =  —  is  necessary  for  producing 

the  same  result  when  in  contact  with  powder,  the  command  would  be  diminished  to  about  10  turns 
a  cell ,  a  Grove  of  the  same  size  commanding  about  40  turns  a  cell  ;  and  a  Grove  J  the  size 
about  30  turns  a  cell,  which  shows  clearly  at  what  expense  (even  supposing  Smee's  principle 
capable  of  being  trusted  for  energetic  action)  we  obtain  simplicity  of  arrangement,  and  dispense 
with  the  use  of  a  second  acid.  The  size  and  form  of  the  Smee  with  which  the  experiments  were 
made  are  the  most  convenient  if  a  Smee  must  be-  used  for  the  explosion  of  powder,  namely,  a  sur- 
face of  metal  =  4"  x  4"  in  each  cell.  And  yet  three  pairs  of  this  are  but  equal  to  one  of  a  Grove, 
whose  cells  are  but  5  the  size. 

As  the  Smee  is  superior  in  every  way  to  the  Wollaston  and  to  the  zinc  and  iron  battery  men- 
tioned above,  it  was  of  no  use  to  examine  the  respective  merits  of  the  two  latter  forms  of  voltaic 
apparatus.  One  form  of  battery,  however,  remains  to  be  examined,  namely,  that  of  Dalgleish. 
Its  principle  of  action  has  been  before  noticed.  It  consists  of  an  arrangement  of  12  platinum  cups 
-|  of  an  in.  diameter  and  2"  deep,  over  which  are  suspended,  attached  to  a  bar,  12  cylinders  of  zinc 
-§"  in  diameter.  The  battery  is  charged  very  readily  by  putting  into  each  cup  ¿  of  an  ounce  of  nitric 
acid.  At  the  moment  voltaic  action  is  required,  a  pressure  of  the  hand  on  the  bar  immerses  each 
zinc  in  its  own  cup  to  a  depth  of  If  in.,  and  at  the  same  time  completes  the  usual  connections, 
causing  an  immediate  and  energetic  action.  The  withdrawal  of  the  hand  allows  the  zinc  to  be 
removed  from  destruction  by  the  elastic  bands. 

The  electro-motive  force  of  this  battery  as  compared  with  Grove's,  using  the  same  nitric  acid 
in  each,  was  as  344  to  410,  and  the  resistance  of  the  liquid  stratum  of  12  cells  =  66  turns,  or  5£ 
turns  a  cell.     The  available  energy  of  12  cells  =  622  turns  or  51f  a  cell.     The  equation  then 

E  E 

representing  the  circulation  of  a  force  F  stood  F  =  =  —  ,  from  which  it  will  be  seen 

that  while  this  battery  is  but  little  inferior  to  Grove's  in  electro-motive  energy,  it  has  an  advan- 
tage over  it,  in  that  its  liquid  stratum  opposes  much  less  resistance  in  proportion  to  its  section, 
this  being  due  to  the  absence  of  Grove's  diaphragms. 

Also  in  looking  at  the  value  of  L  as  compared  with  w,  it  seems  as  if  this  battery  could  be 
advantageously  reduced  in  size.  The  mechanical  arrangements  of  the  battery,  which  are  some- 
what complicated,  seem  crowded  even  now  into  as  small  a  space  as  they  can  well  be  put  with 
safety  ;  and  any  diminution  of  cells  that  could  be  made  would  sensibly  increase  the  portability  of 
the. battery,  as  the  zinc  and  platinum  comprise  but  a  small  part  of  the  actual  bulk.  The  small 
resistance  of  liquid  in  each  cell  is  partly  obtained  by  the  extreme  contiguity  of  the  zinc  cylinders 
to  the  inner  surface  of  the  platinum  cups,  the  distance  being  but  \  of  an  in.,  and  partly  to  the 
absence  of  porous  cells.  The  successive  wear  and  tear  of  the  zinc  will  tend  to  increase  the  value 
of  L,  and  diminish  w.  The  advantages,  then,  of  the  Dalgleish  principle  are  the  simplicity  gained 
by  the  use  of  only  one  acid,  thus  dispensing  with  the  necessity  for  porous  cells,  and  the  extreme 
readiness  with  which  it  can  be  charged  for  action  ;  it  is,  however,  more  complicated  than  Grove's 
in  its  mechanical  arrangements,  which  require  skilled  labour  of  a  higher  degree  than  could  gene- 
rally be  met  with  in  the  field  to  effect  repairs.  It  is  also  more  liable  to  be  damaged  by  carelessness 
or  accident,  as  it  presents  more  assailable  points. 

The  power  of  each  battery,  taken  in  conducting  wire  of  250  grains  a  yd.,  which,  for  reasons 
presently  to  be  given,  we  have  taken  as  the  best  conducting  medium  for  general  service,  would 
enable  one  charge  to  be  fired  very  readily  at  a  distance  of  250  yds.,  or  in  a  circuit  of  500  ;  and  if 
the  requirements  of  a  battery  were  limited  to  this,  we  should,  where  rough  handling  was  not  to 
be  expected,  prefer  Dalgleish's  battery  to  Grove's  ;  but  on  service  we  presume  far  greater  circuits 
will  occasionally  require  to  be  overcome  ;  if,  for  instance,  a  mine  has  to  be  exploded  at  a  distance 
of  half  a  mile,  about  38  or  40  cells  of  each  would  be  required  to  be  placed  in  series,  and  then 
the  arrangement  of  elastic  bands  and  of  the  development  of  electric  excitement  by  pressure  of  the 
hand  becomes  somewhat  troublesome.  The  Grove  is  also  more  perfect  in  its  chemical  action,  as 
the  hydrogen  set  free  by  the  decomposition  of  the  water  is  immediately  absorbed  by  the  nitric  acid  ; 
and  the  consequence  is  that  as  soon  as  the  circuit  is  completed  we  obtain  the  whole  power  <'f  il"- 
battery.  In  Dalgleish's  arrangement  the  power  visibly  increases  after  the  immersion  of  the  zincs, 
probably  owing  in  part  to  the  heat  occasioned  by  the  intense  action  of  the  nitric  acid  on  the  zinc. 
This  property  of  the  battery  is  detrimental  to  firing  a  number  of  charges  BdmultaneoTisly  in  :>  cir- 
cuit, and  can  only  be  overcome  by  immersing  the  zinc  cylinders  first,  and  then  making  connection 
with  the  poles.  These  points  will  present  themselves  with  greater  force  to  any  one  operating  With 
the  two  batteries  than  they  can  be  expected  to  do  in  any  description  on  paper. 

The  actual  cost  of  constructing  the  two  descriptions  of  batteries  will  depend  in  a  great  aerara 
on  the  price  of  the  platinum,  which  is  by  far  the  heaviest  item  in  each.  Grove's  battery  hitherto, 
to  save  expense,  has  been  made  with  platinum  foil.  Ward,  however,  prefers  employing  Bheet 
platinum,  of  about  120  to  130  oz.  to  the  superficial  ft.,  for  the  negative.  Whether  foil  or  sheet  platinum 
is  used  makes  no  apparent  difference  in  the  energy  of  the  combination  ;  but  as  the  former  is  liable 
to  tear,  it  would  in  the  end  be  no  economy  to  use  it. 
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The  approximate  estimate  of  the  cost  of  12  cells  of  each  description  of  Grove's  battery,  »  and 
that  of  Dalgleish's,  is  as  follows  :— 

Platinum-foil  Battery. — -|  oz.  of  platinum  foil,  cells,  troughs,  zincs,  and  fittings,  31.  2s.  Sd. 

Sheet-platinum  Battery. — 3-63  oz.  platinum,  cells,  and  so  on,  11.  2s. 

Dalgleish's  Battery. — 9  •  96  oz.  platinum,  J  oz.  pure  gold,  zincs,  castings,  and  fittings,  171. 10s. 

Comparing  the  two  Grove's,  though  the  second  is  more  than  twice  the  cost  of  the  first,  it  will 
prove  more  economical  on  service,  when  it  is  considered  that  5/.  worth  nearly  of  material  out 
of  11.  2s.  worth,  is,  with  ordinary  care,  absolutely  indestructible.  Dalgleish's  battery  cannot  cost 
less  than  111.  10s.  for  12  cells,  the  arrangements  requiring  also  more  than  ordinary  skilled  labour 
to  complete.  Assuming,  then,  the  Grove's  sheet-platinum  battery  to  be  on  the  whole  more  econo- 
mical, its  cost  a  cell,  as  compared  with  Dalgleish's,  is  about  1  to  2\.  The  cubical  space  which  they 
respectively  occupy  is  as  follows  : — 

12  cells  of  Grove's  (in  two  box  batteries)  =  14"    x  4"  x  4"    =  224  inches. 
„         Dalgleish's =  Hi"  x  4"  x  7£"  =  345      „ 

Their  comparative  weights  when  empty  are,  Grove's  8  lbs.,  Dalgleish's  10i  lbs.  ;  the  latter,  how- 
ever, would  not  require  two-thirds  of  the  weight  of  acid  to  be  carried  with  it  on  service,  and  that 
only  of  one  description  ;  and  though  these  differences  may  appear  insignificant,  they  will  not  seem 
so  when  the  quantity  of  available  energy  required  in  the  field  comes  to  be  considered. 

Assuming,  as  a  basis  of  comparison,  that  it  would  be  desirable  to  have  always  a  power  avail- 
able for  firing  one  charge  at  the  distance  of  half  a  mile,  through  the  conducting  medium  and  with 
the  bursting  charge  which  has  been  selected  ;  and  also  that  the  same  number  of  spare  cells  should 
be  kept  at  hand  to  replace  those  fractured  or  undergoing  repair  ;  the  following  statements  will 
show  the  approximate  cost,  weight,  bulk,  and  other  particulars  in  each  case  : — 

Grove's.  Dalgleish's. 

Cost  of  construction  of  batteries     ..         51/.  ..      ..       110/. 

Weight  of  batteries 54  lbs.  . .      . .         70  lbs. 

Bulk  of  „         1400  cub.  in 2300  cub.  in. 

"We  call  attention  to  the  extreme  ingenuity  displayed  in  the  arrangements  adopted  by  Dalgleish, 
to  carry  out  his  principle  for  producing  voltaic  action,  as,  for  example,  in  the  ready  method  of 
withdrawing  the  zinc  cylinders  from  the  attack  of  a  most  destructive  acid,  and  in  the  plan 
of  making  the  connection  of  the  several  cells,  which  is  most  original,  and  cannot  be  done  justice 
to  by  any  description.  He  combines  metals  and  acids,  so  as  to  produce  a  high  degree  of  voltaic 
energy  by  a  mode  that  may  be  considered  perfect  ;  and  though,  on  the  whole,  his  battery,  as  sub- 
mitted, is  not  so  perfect  in  its  voltaic  action  as  Grove's,  is  more  sensible  to  rough  usage,  and  for 
these  as  well  as  the  other  reasons  stated,  not  so  applicable  to  operations  in  the  field,  yet  it  so- 
surpasses  the  batteries  of  every  other  principle,  as  to  entitle  the  inventor  to  special  thanks  for  the 
successful  application  of  a  principle  which  it  has  never  before  been  considered  possible  to  turn  to 
account. 

To  close  the  inquiry  into  the  motive  power,  the  following,  as  far  as  experiments  made  with 
some  haste  tend  to  prove,  are  the  comparative  electro-motive  forces  of  the  several  principles  Ward 
examined  : — 

Grove,  410;  Danieli,  235;  Smee,  116;  McCallan,  410;  Dalgleish,  344. 

The  zinc,  iron,  and  nitric-acid  battery  is  that  intended  by  McCallan's. 
Or,  if  we  take  E  to  represent  the  absolute  electro-motive  energy  of  Smee's, 

3  54  E  =  Grove's;  2  E  =  Daniell's  ;  3 -54  E  =  McCallan's;  2-98  E  =  Dalgleish's. 

E 
Now,  the  mechanical  equivalent  for  producing  fusion  in  Smee's  was  found  to  be  ,  from 

log 

which  the  several  expressions  for  the  other  batteries  may  be  deduced. 

Conducting  Wires. — With  respect  to  the  conducting  wires,  two  factors  are  concerned  in  the 
power  of  resistance  of  any  one  length  to  the  circulation  of  the  current,  namely,  the  metal  of  which 
it  is  composed,  and  the  area  of  the  section  ;  the  resistance  varying  directly  as  the  specific  resist- 
ance of  the  metal,  and  inversely  as  the  sectional  area. 

Copper,  it  has  long  since  been  decided,  is  the  metal  whose  specific  resistance,  where  economy 
is  taken  into  account,  is  the  least  ;  and  it  only  remained  to  decide  the  area  of  the  section,  or  the 
diameter  of  wire  to  be  used. 

Now,  considering  that  by  increasing  the  number  of  plates  in  series  we  are  able  to  overcome  any 
amount  of  resistance,  it  is  as  well  to  reduce  the  diameter  of  the  conducting  medium  till  the  value 
of  the  copper  wire  destroyed  (some  portion  must  always  be  expended  in  an  explosion)  is  reduced 
to  a  comparatively  insignificant  quantity,  that  is  to  say,  such  as  would  about  balance  the  destruc- 
tion of  zinc  and  consumption  of  acid  necessary  to  overcome  the  resistance  consequent  on  a  still 
further  diminution. 

The  Gutta-percha  Company  supplied  copper  wire  covered  with  gutta-percha,  at  prices  from 
9/.  to  21/.  a  mile,  the  difference  being  due  solely  to  the  greater  or  less  quantity  of  gutta-percha 
covering,  and  not  at  all  to  the  weight  of  copper  furnished.  The  thickest  of  these  averaged  about 
250  grains  a  yard,  the  smallest  about  160  grains.  As  the  former  was,  of  course,  the  superior 
conductor,  was  equally  portable,  and  of  no  greater  expense  than  the  smaller  size,  it  may  be  the 
best  size  for  a  conducting  medium.     It  is  about  -^Ti  of  an  in.  diameter. 

This  sized  wire  when  covered  with  gutta-percha  is  very  flexible,  and  can  be  easily  coiled  on  a 
reel;  two  miles  in  length  would  easily  pack  in  a  cubic  yard:  its  conducting  power  roughly  stated 
is  such  that  lì  yd.  of  it  would  be  equivalent  in  resistance  to  one  turn  of  the  rheostat  wire,  and 
making  this  allowance,  the  measures  before  stated  can  be  easily  reduced  to  corresponding  lengths 
in  this  wire. 
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The  degree  of  covering  required  to  ensure  perfect  action  depends  on  the  nature  of  the  ex- 
plosion required  ;  if  an  explosion  is  to  be  made  under  water,  when  only  one  wire  is  required  for 
completing  the  circuit,  the  most  perfect  covering  is  desirable,  and  the  cost  of  the  wire  so  covered 
would  be  21/.  a  mile  ;  but  for  any  explosion  on  land,  where  a  return  wire  is  always  necessary,  that 
gold  at  9/.,  10/.,  and  11/.  a  mile  is  sufficiently  isolated,  especially  if  the  wires  leading  to  the  mine 
are  not  buried  under  the  ground,  or,  if  buried,  kept  as  far  apart  as  possible.  In  no  case  would  we 
recommend  lapping  the  wires,  leading  to  and  returning  from  the  mine,  side  by  side,  as  has 
hitherto  generally  been  done,  for  whatever  advantage  the  practice  may  possess,  the  chances  of 
failure  in  consequence  are  many.  If,  for  instance,  in  burying  it  the  spade  by  chance  should  lay 
bare  the  surface  of  one,  it  would  probably  also  do  the  same  with  the  other  wire  ;  or,  again,  if 
from  extraordinary  heat  the  gutta-percha  should  get  soft,  which  it  will  do  at  a  temperature 
of  about  160°  Fahr.,  a  twist  in  the  rope  may  bring  the  two  wires  together,  and  the  covering 
afterwards  hardening  would  prevent  their  separation;  and,  above  all,  if  a  fracture  should  take 
place  it  would  be  very  difficult  to  find  on  which  wire  and  whereabouts  it  had  occurred. 

Gutta-percha  is  the  best  covering  for  the  conducting  medium,  as  it  is  the  only  means  by  which 
perfect  isolation  can  be  obtained  under  every  circumstance. 

Bursting  Charges. — There  are  two  descriptions  of  bursting  charges  before  the  scientific  world, 
one  of  which  has  been  long  in  use,  and  in  which  a  thin  platinum  wire,  forming  part  of  the  circuit, 
is  brought  to  such  a  heat  as  to  ignite  the  surrounding  powder;  and  another,  the  invention  of 
Mr.  Brunton.  The  company  with  whom  this  gentleman  was  connected  had  been  in  the  habit 
of  what  is  familiarly  called  vulcanizing  the  gutta-percha  which  covered  the  wire,  to  render 
it  pliable  even  in  the  coldest  temperature,  and  this  led  to  the  discovery  of  the  fuze  in  question. 
By  the  vulcanizing  process,  sulphur  and  carbon  become  incorporated  with  the  gutta-percha  in  a 
manner,  so  to  speak,  almost  chemically  perfect.  These  two  act  on  the  enclosed  copper  wire,  and 
in  process  of  time  produce  on  its  surface  a  species  of  sulphide,  portions  of  which,  when  the  wire  is 
withdrawn,  remain  adhering  to  the  inner  surface  of  the  gutta-percha  covering.  This  inner 
surface,  which  before  was  simply  gutta-percha,  and  therefore  a  non-conductor,  has  now  a  feeble 
power  of  conduction  given  to  it  by  means  of  the  minute  particles  of  sulphide  of  copper  and  carbon. 
The  conducting  power  is  however  very  feeble,  and  seemingly  in  no  two  portions  the  same  ;  but 
whatever  the  amount  of  resistance  may  be,  if  it  can  be  overcome  sufficiently  to  circulate  such  a 
force  as  will  ignite  the  sulphur  and  carbon,  the  desired  effect  is  obtained. 

That  the  degree  of  heat,  or  what  is  generally  termed  quantity,  required  for  this  need  not  be 
anything  approaching  to  that  for  fusing  a  platinum  wire,  may  be  easily  conceived,  if  we  compare 
platinum,  which  no  amount  of  heat  from  a  smith's  forge  will  melt,  and  the  elements  sulphur  and 
carbon,  which  are  combustible  at  moderate  temperatures  ;  yet  that  the  degree  of  resistance  they 
offer  to  the  passage  of  the  current  must  be  great,  may  be  judged,  when  it  is  stated  that  48  cells, 
and  even  more  sometimes,  of  Grove's  reduced  battery  are  required  to  inflame  them  close  to  the 
battery.  These  same  48  cells  would  explode  a  mine,  by  means  of  the  platinum  fuze,  at  a  distance 
of  f  of  a  mile  very  readily. 

In  order,  however,  to  cause  any  sensible  current  to  pass  through  these  sulphides,  it  is  necessary 
to  close  all  other  channels  of  communication,  that  is,  to  break  the  circuit  of  the  copper  wires  ; 
then,  with  a  sufficiency  of  power  to  overcome  the  resistance,  a  combustion  with  powder  in  contact 
will  produce  the  desired  explosion  ;  and  on  this  principle  the  bursting  charge  is  made,  a  part  of 
the  copper  circuit  being  broken  and  the  sulphuret  surrounding  that  part  being  laid  bare  and 
covered  with  powder. 

Here,  then,  we  have  two  modes  of  igniting  powder  at  a  distance,  namely,  by  the  fusion  of 
platinum  wire,  and  by  the  combustion  of  a  compound  which  seemingly  is  a  sulphuret  of  carbon 
and  copper  ;  in  the  former,  the  medium  being  metallic,  and,  therefore,  a  good  conductor,  requires 
at  the  same  time  a  high  degree  of  heat  to  fuse  it  ;  while  in  the  latter,  the  sulphide,  though 
opposing  a  very  great  resistance  to  the  flow  of  the  current,  ignites  even  when  a  considerably  less 
quantity  is  actually  passing. 

Now,  bearing  this  in  mind,  and  also  Ohm's  theory  or  law  regulating  the  circulation  of  divided 
currents,  namely,  that  the  quantity  flowing  by  each  of  two  or  more  portions  simultaneously  is  in 
the  inverse  ratio  of  the  resistance  of  each,  the  following  characteristics  of  these  two  descriptions 
of  bursting  charges,  which  have  been  practically  ascertained,  will  be  easily  understood  : — 

1.  To  fire  a  platinum  bursting  charge,  a  return  wire,  where  water  cannot  be  made  available,  is 
always  necessary,  for  Ward  found  that  the  resistance  of  \  of  an  in.  thickness  of  ordinarily  moist 
earth  substituted  for  it  could  not  be  overcome  by  48  pairs  of  Grove's,  which  would  fire  the  same 
charge  at  the  distance  of  f  of  a  mile,  or  through  a  circuit  of  lì  mile  of  copper  wire  of  No.  14 
gauge  ;  and  this  shows  that  the  substitution  of  earth  for  metallic  wire  increases  the  resistance  bo 
much  as  to  diminish  the  quantity  circulating  to  such  an  extent  that  the  necessary  heating  effect 
is  not  produced. 

2.  Whatever  number  of  cells — roughly  speaking,  for  of  course  it  cannot  be  accurately  true—if  is 
found  necessary  to  arrange  in  series  to  produce  ignition  in  Brunton's  fuze  at  the  distance  of  1  it. 
will  produce  the  same  effect  through  a  copper-wire  circuit  of  1  mile;  and  an  addition  of  about 
one-fourth  that  number  will  permit  of  one-half  this  copper  circuit  being  replaced  by  ordinarily 
moist  earth. 

These  two  results  show  that  the  absolute  resistance  of  this  fuze  is  so  great  that  the  addition  of 
a  mile  of  copper  wire  or  a  large  quantity  of  earth  efi'ects  no  material  diminution  in  the  quantity 
actually  circulating  ;  that  is,  if  E  =  the  electro-motive  force,  r  the  resistance  of  the  fuze,  and  11 

E  ,  E 

that  of  the  sum  of  all  the  other  resistances  in  the  circuit,  then  —  is  very  nearly  =  ^- . 

3.  The  same  number  of  cells  in  series  of  a  battery  furnished  by  the  G  ut  ta-percl  i  a  Works  ((  .i  1 1  pa  nv, 
that  would  ignite  Brunton's  fuze  at  the  distance  of  1  mile,  did  not  produce  any  visible  neat  m  Ine 
platinum  wire  of  the  other  bursting  charges  at  the  distance  of  1  ft .  ;  and  this  will  be  easily  under- 
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stood  from  what  has  been  said  before,  for  if,  by  increasing  the  resistance  of  the  liquid  stratum  L, 

E 
We  make  F  =  —  represent  a  force  generated  by  one  plate,  which  is  not  capable  of  heating 

n  F 

platinum  wire,  any  number  of  such  cells  in  series  will  not  heat  that  wire,  as  F  =  — - must 

n  L¡  +  w 

E  E 

be  less  than  — .      At  the  same  time  if  the  force  required  to  circulate  be  less  than  F  =  -T- 

Lt  L 

or  =  F',  and  L  remain  constant,  the  combination  of  cells  in  series  will  have  the  effect  of  diminishing 
w,  and  ultimately  of  producing  the  required  force  F\ 

From  this  we  also  learn  that  the  force  required  to  circulate  for  the  ignition  of  Brunton's  fuze 
is  considerably  less  than  that  for  the  platinum  bursting  charge,  and  this  is  still  more  apparent  when 
we  find,  as  we  do,  that  it  does  not  produce  any  sensible  heat  in  the  platinum  wire,  much  less  fuse  it. 

The  battery  that  gave  these  results  was  one  that  was  supplied  by  the  Gutta-percha  Company 
as  the  best  then  known  for  igniting  these  fuzes.  It  was  a  common  zinc  and  copper  arrangement, 
each  pair  4"  x  4",  and  each  compartment  filled  up  with  sand  moistened  with  acid.  100  plates 
were  required  to  ignite  a  fuze  with  certainty,  and  even  300  would  not  produce  a  sensible  heat  on 
platinum  wire  ;  and  this  is  due  to  the  amount  of  resistance  offered  by  the  intervening  stratum,  in 
this  case  composed  of  sand  and  dilute  acid  :  but  as  sand  is  no  conductor,  the  only  reason  for  its 
use  is  that  it  enables  the  batteries  to  be  carried  about  without  spilling  the  acid.  The  average 
resistance  of  the  stratum  of  sand,  supposing  it  to  have  been  entirely  moistened  by  dilute  acid, 
when  a  force  F  was  circulating,  was  found  =  about  12 -8  turns  at  the  distance  at  which  the  plates 
stood,  and  the  available  force  a  cell  —  6'7  turns,  making  the  equation  representing  its  action 

E  E 

F  —  =  ■  .     By  the  employment  of  sand,  certainly  not  one-fourth  the  quantity  of 

ii  o  T  o'7        J.y"o 
liquid  can  be  used,  consequently  the  resistance  L  must  be  increased  at  least  fourfold,  or  =  51*22, 
which  renders  it  impossible  that  the  force,  which  we  have  called  F,  can  circulate  in  any  such 
arrangement.     The  use  of  sand  also  prevents  the  evolution  of  the  hydrogen,  and  so  reacts  in  con- 
trolling the  electro-motive  force.     These  figures,  however,  are  not  given  as  strictly  correct. 

4.  It  is  easy,  then,  to  see  that  the  diameter  and  description  of  metallic  conducting  medium  for 
the  platinum  charge  are  matters  of  material  consequence,  and  its  standard  resistance  should  in  all 
cases  be  known  ;  but  with  Brunton's  fuze  it  is  of  no  consideration  to  know  it,  and  in  this  respect 
Brunton's  fuze  presents  singular  advantages. 

5.  The  isolation  of  the  conducting  medium  to  Brunton's  fuze  must  be  absolutely  perfect,  whether 
the  explosion  is  to  take  place  on  land  or  in  water;  with  the  platinum-wire  charge  it  need  not  be 
so  in  either.  The  abrasion  of  the  covering  may  be  so  small  as  hardly  to  be  discovered  by  the  eye, 
and  yet  it  will  be  sufficient,  if  in  contact  with  the  earth,  to  cut  off  the  circuit  almost  entirely  from 
tli e  bursting  charge.  From  Ohm's  law  for  divided  circuits  this  is  easily  accounted  for.  The 
resistance  of  the  fuze  being  by  far  the  most  considerable  one  in  the  whole  circuit,  any  way  by 
which  the  current  can  return  to  the  battery,  without  passing  through  the  charge,  will  be  taken 
advantage  of  for  that  purpose,  by  just  so  much  the  greater  portion  of  the  galvanic  excitement 
generated. 

When  we  consider  the  chances  of  a  covering  like  gutta-percha — and  this  is  the  only  covering 
that  is  known,  which  can  be  employed  in  practice,  and  at  the  same  time  give  perfect  isolation- 
being  cut  by  a  flint  or  by  a  workman's  spade  while  being  buried,  and  know  that  however  minute 
the  cut  no  power  of  battery  will  be  able  to  overcome  the  obstacle  it  forms,  or  make  up  for  the  loss 
of  fluid  it  occasions,  the  necessity  for  adopting  some  efficacious  protection  over  the  gutta-percha, 
before  the  mode  of  firing  by  Brunton's  fuze  can  be  successfully  applied  in  military  operations,  will 
be  admitted. 

That  this  perfect  isolation  is  not  necessary  for  the  platinum- wire  fuze  is  well  known,  as,  even 
in  water,  the  loss  occasioned  by  a  bare  wire  can  be  overcome  by  extra  power  of  battery.  The 
reason  is  obvious  ;  the  resistance  in  the  bursting  charge  is  metallic,  and  consequently  much  less 
than  a  liquid  resistance.  The  conducting  power  of  iron,  which  is  certainly  not  superior  to  that  of 
platinum,  is  estimated  to  be  to  that  of  water  as  400,000,000  to  1,  and,  therefore,  even  supposing 
the  proportion  of  copper  surface  exposed,  on  the  wire  leading  to  and  returning  from  the  platinum 
bursting  charges,  to  be  in  this  proportion  to  the  area  of  platinum  wire,  if  their  surfaces  were 
brought  to  within  a  distance  of  -|  of  an  in.  of  each  other,  which  they  never  would  be  in  practice, 
only  one-half  the  quantity  of  the  electric  fluid  would  be  cut  off  from  the  bursting  charge  ;  and  if 
to  the  distance  of  1  ft.  apart,  not  ■£$  part  of  the  force  would  be  arrested  in  its  passage  through  the 
platinum  wire.  As  anything  approaching  this  amount  of  abrasion  can  never  occur,  with  ordinary 
care,  in  practice,  no  fear  of  a  failure  from  a  diversion  of  the  currents  need  be  entertained. 

The  wire  leading  to  the  bursting  charge  having  been  attached  to  the  two  ends  of  the  secondary 
coil,  a  few  plates  of  a  Grove's  battery  circulated  a  sufficient  current  through  the  primary  wires. 
The  usual  contrivance  of  a  temporary  magnet,  for  making  a  breaking  contact,  was  employed  for 
obtaining  intermittent  sparks  in  the  fuze. 

With  this  helix,  and  four  plates  of  Grove's  battery  4"  x  4",  it  was  easy  to  explode  a  bursting 
charge  at  the  distance  of  1300  yds.  from  the  operator,  the  return  circuit  being  made  through  the  earth. 
It  was  but  necessary  to  leave  one  of  the  wires  of  the  bursting  charge  in  contact  with  the  earth,  the 
other  being  attached  to  the  wire  leading  to  the  voltaic  arrangement,  with  which  it  was  connected. 
A  wire  from  the  other  end  of  the  secondary  coil  led  to  the  earth,  which,  if  touched,  was  sufficient 
to  explode  the  charge.  There  is  no  doubt  that  this  helix  arrangement  greatly  simplifies  the 
apparatus  required  for  the  explosion  of  these  charges,  for  without  it  about  120  cells  are  required 
to  produce  with  certainty  the  same  explosion.  The  fact  that  a  return  wire  for  completing  the 
circuit  may  be  dispensed  with  is  r  great  recommendation  for  the  adoption  of  this  fuze;  though  at 
the  same  time  it  must  be  remembered  that  perfectly  dry  earth  will  resist  the  flow  of  any  current. 
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la  a  bucket  full  of  dried  sand  Ward  put  two  plates  of  copper,  1  ft.  square,  at  a  distance  of  1  in, 
apart,  and  the  whole  power  he  could  apply  could  not  overcome  the  resistance  interposed. 

With  respect  to  firing  a  number  of  charges  simultaneously  with  each  of  these  fuzes,  the 
platinum  charge,  as  may  be  supposed,  has  the  advantage,  for  on  account  of  the  great  resistance 
added  to  the  circuit,  where  a  second  gutta-percha  fuze  is  introduced,  the  force  before  circulating 
is  materially  diminished,  and  can  only  be  brought  up  to  the  original  strength  by  a  great  addition 
of  power.  The  practice  Ward  had  with  this  fuze  was  not  sufiiciently  extensive  to  give  him  confi- 
dence in  its  application  to  simultaneous  firing  ;  but,  to  state  what  has  been  done,  120  plates  of  the 
sand  battery  before  mentioned,  or  10  batteries  of  12  each,  fired  one  charge  well  through  a  circuit 
of  five  miles  of  copper  conducting  medium,  about  No.  16  gauge  ;  96  did  the  same  feebly  ;  72  could 
not  fire  it  :  216  plates  were  required,  roughly  speaking,  to  fire  two  placed  in  the  same  circuit  ; 
216  fired  three  in  a  circuit  of  one  mile  :  360  fired  six  ;  and  480  fired  eight  in  the  same  circuit. 

These  experiments  were  made  in  Brunton's  presence,  the  wires  being  under  water  in  the 
canal  basin  ;  but  it  should  be  remembered  that  the  whole  of  the  circuit  was  not  metallic,  a  few 
yards  of  the  return  portion  being  through  earth  and  water,  which  however,  when  compared  with 
the  great  extent  of  wire,  may  be  considered  to  have  no  sensible  influence  on  the  result.  From 
them  it  will  be  seen  that  these  fuzes  are  capable  of  being  exploded  simultaneously  when  placed 
in  a  circuit  ;  but  it  requires  more  practice  to  determine  if  they  can  be  so  trusted,  and  it  is  apparent 
that  each  additional  one  requires  a  large  addition  of  cells.  With  the  platinum-wire  fuze,  an 
addition  of  two  plates  for  every  charge  inserted  is  all  that  is  necessary  to  establish  the  circulation 
of  the  required  force.  The  platinum  charge  possesses  a  great  advantage  over  the  gutta-percha 
fuze,  in  that  its  resistance  being  metallic  is  uniform,  while  that  of  the  gutta-percha  depends  upon 
the  degree  of  action  that  has  taken  place  on  the  copper  wire,  and  especially  on  the  extent  of 
sulphuret  circuit  ;  for  its  resistance  is  so  great  that  an  additional  length  of  one-eighth  of  an  inch 
causes  a  great  diminution  of  force  in  circulation.  This  last  circumstance,  combined  with  the 
degree  of  action  that  has  taken  place,  tend  to  make  the  resistance  so  variable,  that  sometimes 
12  plates  have  been  able  to  ignite  a  fuze  :  it  is  not  safe  to  apply  less  than  100  plates  of  the  sand 
battery  With  the  platinum  charge  two  plates  are  always  sufficient  to  overcome  the  resistance. 
The  gutta-percha  fuzes  are  also  liable  to  deteriorate  by  exposure  to  the  air,  sulphate  of  copper 
forming  where  the  sulphides  were,  and  the  fuze  losing  in  consequence  its  inflammable  properties. 
Several  modes  have  been  tried  of  making  these  fuzes;  some  requiring  six  months  to  mature, 
and  others  only  half  an  hour  ;  but  the  respective  sorts  seemingly  present  this  property,  that  the 
sooner  they  come  to  maturity  the  easier  they  deteriorate.  Both  descriptions  of  fuze  have  their 
peculiar  advantages.  The  one  may  be  issued  ready  made,  as  an  article  of  store,  and  the  other 
would  sometimes  turn  to  account  in  an  emergency  in  the  field,  when  the  store  supply  had  been 
exhausted.  In  fact,  the  range  of  inquiry  with  respect  to  this  description  of  fuze  is  very  extensive, 
and  well  worthy  of  pursuit.  It  may  be  apprehended  that  such  enormous  distances  will  not  be 
necessary  in  the  field  :  as  the  cost  of  the  return  metallic  circuit  can  be  made  up  by  a  less  expendi- 
ture of  gutta-percha  in  procuring  isolation  ;  as  the  resistance  of  any  now  employed  can  be  ascer- 
tained with  sufficient  accuracy  and  hardly  any  labour  in  a  few  minutes  ;  and,  as  we  shall  show,  the 
power  required  for  any  proposed  explosions,  simultaneous  or  otherwise,  can  be  calculated  with  far 
more  correctness  and  confidence  than,  with  respect  to  the  gutta-percha  fuze,  it  is  as  yet  possible 
to  do  ;  and,  above  all,  as  the  casualties  that  ordinarily  attend  the  laying  out  and  burying  of  the 
conducting  medium  will  have  no  sensible  effect  on  the  platinum  fuze,  while  they  have  a  most 
important  one  on  the  other,  it  seems  right  to  conclude  that,  as  far  as  our  experience  goes,  the 
platinum  fuze  possesses  greater  recommendations  for  use  in  military  engineering. 

Having  thus  decided  on  the  most  suitable  battery,  conducting  medium,  and  bursting  charge,  it 
remains  yet  to  point  out  the  rule  for  calculating  the  number  of  cells  necessary  for  exploding  any 
arrangement  of  charges  with  them,  and  at  any  distances  that  may  be  required.  The  length  of 
the  platinum  wire  of  the  bursting  charge  will,  of  course,  influence  the  resistance  of  that  part 
of  the  circuit.  From  practice,  it  has  been  found  that  a  wire  -|  of  an  in.  long  gives  sufficient  heat, 
with  the  least  expenditure  of  power  ;  and  it  therefore  seems  desirable  to  use  that  length,  as  it  is  as 
well  to  adopt  some  one  length,  whatever  it  may  be.  A  length  of  f  of  an  in.,  weighing  1  ■  65  grain 
a  yard,  offers  a  resistance  of  nearly  61  turns  of  standard  wire,  which  is  equivalent  to  about  90  yds. 
of  the  selected  copper  conducting  medium,  weighing  250  grains  a  yard  ;  and  any  extra  length 
employed  must  be  allowed  for  in  the  same  ratio. 

Eeferring  back  to  the  equations  representing  the  working  of  the  reduced  Grove's  battery,  it 
F 
will  be  seen  that  F  =  — -  is  assumed  as  the  mechanical  expression  representing  that  each  cell  of 

46 
the  battery,  in  fair  working  order,  may  be  subjected  to  a  controlling  resistance  equal  to  46  turns 

of  standard  wire,  and  yet  will  fuse  the  platinum  wire  in  the  midst  of  powder;  and  that  -    - 

represents  the  conditions  of  fusion  when  no  powder  surrounds  the  wire  ;  bwt  as  it  is  the  rule  for 

the  explosion  of  powder  which  we  have  now  to  consider,  the  expression  ---  most  concerns  us,  and 

this  expression  for  the  power  in  strong  action,  that  is,  during  the  first  two  or  three  hours,  is 

represented  by  — — ——  where  14|  is  the  average  liquid  resistance  a  cell,  and  31-*-  is  the  energy 

14g-  +  0I2 

available  for  overcoming  the  metallic  resistance. 

Eoughly  speaking,  li  yd.  of  the  established  conducting  medium  of  250  grains  a  yard  is 
equivalent  in  resistance  tö  one  turn  of  the  rheostat,  therefore  the  available  energy  to  a  cell  would 
be  equal  to  about  46  yds.  of  the  conducting  medium;  and  the  resistance  of  a  platinum  wire  |  of 
an  in.  long,  and  1  •  65  grain  a  yard,  being  60  turns,  would  be  equal  to,  say,  1 00  yds.  of  the  wire. 
For  firing  a  mine  at  anv  distance  when  the  battery  is  in  good  work,  we  have  then  this  simple 
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rule:— Take  the  whole  circuit  in  yards,  including  distance  up  and  down  shafts,  add  to  it  100  yds. 
for  every  charge  in  the  circuit,  and  divide  by  40  for  the  number  of  cells.  This  is  the  rule  that 
theory  points  out;  it  will  not  be  advisable  to  draw  it  so  fine  in  practice,  but  our  object  at  present 
is  to  show  the  principle  which  regulates  the  calculation. 

E  F 

Again,  when  the  battery  has  been  six  hours  in  action,  —  and  -Tr-  are  shown  to  be  the 

4¿  ÜO.J 

mechanical  expressions  representing  the  resistance  which  each  cell  has  the  power  of  bringing 
under  control  whilst  circulating  a  force  sufficient  to  fuse  the  wire  in  and  out  of  powder.  Takin° 
E  ° 

— ,  which  concerns  us  most  at  this  moment,  we  find  by  referring  back  that  23  of  the  42  turns  are 

consumed  by  the  liquid  resistance  of  each  cell,  and  only  19  a  cell  are  left  to  overcome  metallic 
resistance,  in  fact  —  being  =  .    These  19,  expressed  in  turns  of  the  established  con- 

ducting medium,  =  28±-  yds.  a  cell.  Having  now  therefore  but  28i  yds.  of  available  energy  a  cell, 
instead  of  40,  the  rule  for  calculating  explosion  must  be  modified  as  follows  : — Take  the  whole 
circuit  as  before  in  yards,  add  to  it  100  yds.  for  every  charge  placed  in  the  circuit,  and  divide  by 
28¿  for  the  number  of  cells,  and  it  will  be  seen  that  these  two  rules  give  widely  different  results  ; 
as,  for  instance,  if  a  mine  were  required  to  be  fired  at  a  distance  of  half  a  mile,  the  former  would 
give  41  cells  and  the  latter  00  cells  as  requisite. 

If  at  any  time  an  economical  use  of  cells  is  of  consequence,  it  is  desirable  to  have  a  ready 
mode  of  ascertaining  what  condition  the  battery  is  in  ;  for  it  matters  not  what  that  may  be, 
provided  we  can  ascertain  it,  and  apply  the  proper  rule.  Fortunately  there  is  a  very  ready  mode 
of  ascertaining  with  sufficient  exactness  the  power  of  any  arrangement  of  cells  in  series  at  any 
moment,  and  of  determining  the  number  of  cells  necessary  at  any  period  between  the  first  charging 

F 

and  six  hours  after.     "We  have,  for  instance,  seen  that  when  the  battery  is  in  good  action  — —  is 

08-ì- 
the  force  necessary  for  firing  one  platinum  wire  placed  in  the  galvanometer,  that  double  this  force 

E  F 

or  —  will  be  required  to  fuse  two  side  by  side  ;  similarly,  a  force  represented  oy  —  -  is  required 
34  23 

E  E  E 

for  firing  three,  —  for  four,  — —  for  five,  — —  for  six  wires,  and  so  on  ;  these  results  all  depending 

on  the  figure  08^,  which  at  this  period  represents  the  electro-motive  energy  of  the  battery  in  turns 
of  standard  wire. 

Whatever  may  be  the  number  of  wires  that  can  be  fused  side  by  side,  the  resistance  of  the 
liquid  stratum  cannot  be  affected  by  it  ;  and  while  the  electro-motive  force  a  cell  remaine  at  68¿, 
the  fact  of  being  able  to  fuse  any  number  of  wires  side  by  side  shows  that  the  resistance  of  the 
liquid  stratum  cannot  be  so  much  as  the  denominator  of  the  fraction  representing  the  force 
required  for  such  fusion.    For  instance,  if  five  wires  can  be  fused  side  by  side,  the  resistance 

E 
of  the  liquid  cannot  =  13  f,  for  if  it  did,  the  force  -r^r-  would  be  exactly  balanced  by  the  reSist- 
ance,  and  could  not  circulate,  if  six,  it  cannot  equal  11¿.    Having  thus  ascertained  that  five  wires 

E 
can  be  fused,  and  not  six,  it  would  be  quite  safe  to  call  L  =  13-§,  and  as  —  represents  the  force 

necessary  for  fusion  in  powder,  it  is  perfectly  certain  that  at  that  moment  the  available  energy 
a  cell  for  an  explosion,  in  turns  of  standard  wire,  cannot  be  less  than  40  —  13|  -  32i  turns  = 
48  yds.  of  selected  medium.  Similarly,  if  but  four  wires  can  be  fused,  it  will  be  perfectly  safe  to 
allow  44  yds.  of  selected  medium  a  cell  ;  or  if  but  three,  35  yds.  a  cell,  the  resistance  of  the  liquid 
at  this  period  approaching  23  turns. 

At  the  end  of  the  day  of  six  hours  it  has  been  seen  that  the  electro-motive  force  has  fallen  in 
the  proportion  of  68±  to  03.  And  the  available  energy  a  cell  will  be  reduced  as  follows:  if  four 
wires  fuse  and  not  five,  to  39  yds.  ;  and  further,  if  three  wires  fuse  and  not  four,  to  32  yds.  ;  and 
it  would  not  be  possible  to  fuse  five  wires,  with  electric  energy  at  03,  at  any  intervening  period, 
but  an  allowance  of  1^  per  cent,  an  hour  for  the  diminution  of  the  electro-motive  force  will  give 
the  available  energy  a  cell  at  that  time. 

This  detail  has  been  given  to  show  the  principle  of  the  rule  and  its  amount  or  accuracy,  but  in 
practice  the  whole  may  be  combined  into  this  simple  one.  Previous  to  firing  a  mine,  when  all 
the  plates  are  arranged  and  connected,  insert  five  wires  in  the  slits  of  the  galvanometer,  and  place 
the  whole  series  on  to  fuse  it.  In  all  cases  it  is  desirable  to  put  on  the  whole  number  of  cells  you 
intend  applying  to  the  explosion  required,  as  by  this  means  you  obtain  a  practical  proof  of  what 
that  combination,  with  all  the  errors  the  manipulator  may  have  committed  in  arranging  the 
battery,  is  able  to  perform;  and  you  must  "take  care  not  to  touch  the  connection  of  the  battery  after 
you  are  satisfied  as  to  the  power  it  presents  for  your  use.  If  a  fusion  takes  place,  allow  44  yds.  of 
circuit  for  every  cell;  and  if  the  number  of  cells  employed  do  by  calculation  cover  the  range, 
reckoning  the  charge  as  100  yds.,  you  may  feel  confident  in  the  explosion  taking  place  as  soon  as 
the  connection  is  made — if  there  are  not  sufficient  cells,  add  one  for  every  44  yds.  over.  If  only 
four  wires  fuse,  allow  39  yds.  a  cell  ;  if  only  three,  32  yds. 

The  trial  should  be  made  with  all  the  cells  that  it  is  proposed  to  use,  and  if  any  are  subse- 
quently added  it  should  be  repeated;  for  the  more  cells  there  are  in  combination,  the  more 
accurate  is  the  result.  The  advantage  of  the  trial  is  that  the  result  immediately  points  out  any 
mistake  that  has  been  made  in  charging  the  cells,  or  in  arranging  them,  and  also  if  that  mistake 
is  of  any  material  consequence;  and  it  may  be  assumed  that  the  same  series  of  this  size  of  plates 
that  will  fuse  five  wires  side  by  side,  will  as  surely  command  a  circuit  of  44  yds.  for  every  cell. 
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It  is  customary  previous  to  an  explosion  to  test  the  wire  circuit  by  a  galvanometer  needle,  to 
ascertain  if  the  circuit  is  entire  ;  but  it  seems  to  me  equally  necessary  to  test  the  power  of  the 
battery.  The  test  explained  does  not  require  two  minutes  to  apply,  and  infallibly  points  out 
the  available  force  at  that  moment. 

As  the  diameter  of  the  conducting  medium  is  of  great  importance,  as  well  as  its  specific  resist- 
ance, it  is  fortunate  that  the  rheostat,  by  a  mode  essentially  practical,  enables  us  readily  to 
determine  the  absolute  conducting  power  of  any  diameter  or  description  of  wire.  The  mode  of 
doing  this  has  been  explained  before,  and  need  not  now  be  repeated  ;  it  will  be  sufficient  to  say 
that  the  probable  error  of  a  single  observation  with  Grove's  battery  does  not  exceed  lì  per  cent. 
(for  which  an  allowance  can  always  be  made  on  the  safe  side),  and  that  any  one  accustomed  to 
use  the  instrument  could  in  an  hour  ascertain  the  resistance  of  any  platinum  wire  that  may  be 
obtained  on  the  spot,  or  of  two  or  three  miles  of  conducting  medium,  as  well  as  every  particular 
concerning  the  battery,  so  as  to  be  able  to  apply  them  with  certainty  to  explode  any  arrangement 
of  charges  that  may  be  desired. 

However,  it  is  essential  that  every  portion  of  conducting  wire  issued  on  service  should  be  proved 
first.  Let  there  be  one  description  of  wire  kept  at  the  depot,  which  should  weigh,  for  the  sake  of 
accuracy,  somewhere  near  250  grains  a  yd.,  and  be  covered  with  gutta-percha  ;  but  beyond  that 
no  precaution  is  necessary,  nor  is  it  essential  to  know  the  precise  diameter  or  weight  "of  it.  A 
rheostat  rated,  so  to  speak,  from  this  standard  should  be  supplied  to  each  branch  depot  or  head- 
quarters, and  batteries  and  wires  similarly  rated  should  be  also  furnished  in  quantities  sufficient 
to  meet  the  probable  requirements. 

Thus  if  any  portion  of  the  supplies  for  voltaic  purposes  should  fall  short,  if  the  expenditure  of 
all  the  platinum  wire  should  render  it  requisite  to  employ  fine  iron  wire,  if  it  should  be  necessary 
to  use  a  different  conducting  medium  in  the  place  of  the"  established  one,  or  a  different  battery  of 
different  acids,  or,  in  fact,  if  any  alteration  should  be  rendered  imperative  from  local  circumstances, 
we  shall  have  a  ready  mode  of  calculating  the  allowance  to  be  made  in  consequence  of  the  sub- 
stitutions ;  and,  above  all,  we  shall  have  the  power  of  comparing  practice  in  different  parts  of  the 
world,  and  of  estimating  accurately  the  merits  of  any  new  combinations,  by  a  report  of  the  experi- 
ments of  half  a  day. 

The  task  of  perfecting  the  details  of  these  arrangements  must  necessarily  devolve  on  those  who 
may  be  directed  to  continue  this  inquiry,  as  the  operator  merely  touches  on  the  advantages  that 
may  be  attained  through  careful  attention. 

Simultaneous  Firing. — It  may  be  necessary  to  say  a  few  words  on  the  simultaneous  firing  of  a 
number  of  charges  or  mines  by  one  battery,  and  point  how  theory  guides  us  to  a  just  conclusion  as 
to  the  number  of  plates  necessary  for  any  number  under  any  arrangement.  Eeasoning,  then,  from 
the  results  obtained  from  Grove's  battery,  we  have  found, 

E 

1st.  That  a  force  represented  by  —  is  required  to  circulate,  in  order  to  produce  an  explosion 

of  one  bursting  charge  made  with  platinum  wire  |-  of  an  in.  long,  and  weighing  about  1  ■  65  grain 
per  yd. 

2nd.  It  is  also  admitted  that  when  any  force  circulates  in  the  manner  that  a  voltaic  electric 
force  does,  the  quantity  passing  at  any  one  time  in  all  parts  of  the  circuit  is  the  same,  but  that  the 
heat  developed  at  particular  parts  depends  on  the  quality  of  the  metal,  its  diameter,  and  conducti- 
bility.     If,  then,  we  place  in  the  circuit  any  number  of  short  platinum  wires,  identical  in  weight 

and  length,  and  cause  a  force  —  to  circulate  through  it,  we  are  led  to  expect  that  they  will  all 

fuse  at  the  same  instant,  and  if  they  do  so,  the  explosion  will  also  be  simultaneous.  Xow,  in  order 
to  cause  such  a  force  to  circulate,  it  is  only  necessary  that  cells  should  be  added  capable  of  over- 
coming the  resistance  added  by  introducing  each  charge,  or  cells  equivalent  to  90  yds.  of  selected 
conducting  medium  ;  that  is,  when  the  battery  is  strong,  two  cells  a  charge,  and  at  other  times 
three  cells  a  charge.  This  theory,  if  practically  applicable,  is  productive  of  great  economy  both 
in  cells  and  wire  ;  for  supposing  twelve  charges  to  be  exploded  simultaneously  at  the  distance  of 
one-seventh  of  a  mile,  or  in  a  circuit  of  half  a  mile,  by  the  rule  before  given,  when  the  battery  is  in 
strong  condition  44  cells  would  do  the  work  easily  with  an  expenditure  of  but  half  a  mile  of  con- 
ducting medium  ;  whereas  if  each  had  to  be  fired  by  a  separate  battery,  we  should  require  22  cells 
and  half  a  mile  of  wire  for  each  charge,  making  in  all  six  miles  of  wires  and  264  cells. 

At  the  close  of  the  latter  day  Ward  arranged  twenty  charges  in  a  circuit  of  800  yds.,  and 
endeavoured  to  fire  them  by  48  of  Grove's  small  cells,  when  only  fifteen  exploded.   Twenty  chi 
it  will  be  seen  by  the  rule  given,  were  more  than  the  battery  of  48  cells  could  bear;  for.  allowing 
one  cell  for  each  46  yds.  of  circuit  (17),  and  two  for  every  charge  (2  x  20),  would  give  57  cells  as 
necessary  ;  but,  as  he  had  not  that  number,  48 

were  tried,  and  failed.     In  practice  it  is  always  1158' 

best  to  be  on  the  safe  side  of  the  rule,  and  even 
to  add  a  dozen  cells  to  the  estimated  quantity  to 
make  sure. 

Such  is  the  imperfect  practice  which  Ward  |p=- 
had  with  the  smaller  description  of  platinum  wire  li  " 
in  the  bursting  charge.  We  will  presently  sketch 
out  the  rules  for  guidance  in  making  future  trials  ; 
but  we  first  notice  the  following  mode  of  simul- 
taneous firing,  which  has  been  before  greatly  re- 
commended for  its  safety. 

Supposing  B,  Fig.  1158,  to  be  the  battery,  and  C,  C2  C3  C4  C5,  five  mines  to  be  fired.  At  a  ooru 
venient  distance  from  B  two  mercury  cups  MM2  should  be  placed,  a  wire  from  each  mine  leading 
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to  each  cup,  and  a  pair  of  wires  from  the  cups  to  the  battery.  This  mode  of  arrangement  has  the 
advantage  of  connecting  each  mine  directly  with  the  battery,  and  making  its  explosion  independent 
of  any  error  that  may  have  occurred  in  any  of  the  other  mines.  So  far  it  has  great  advantages, 
and  we  also  save  five  pairs  of  wires,  which  would  have  been  required  to  cover  the  five  distances, 
B  Oj,  B  C2,  &c,  and  it  only  remains  to  determine,  by  reference  to  the  preceding  investigation,  what 
power  of  battery  is  necessary  to  explode  the  five  simultaneously. 

As  it  is  evident  that  the  battery  B  must,  when  the  distances  Cj  M,  C2  M2 ,  &c,  are  all  equal, 
circulate  the  same  amount  of  force  through  each  of  the  bursting  charges  Cx  C2  C3  C4  C5,  and  as  each 
platinum  wire  must  be  brought  to  a  state  of  fusion  in  surrounding  powder,  the  force  to  fuse  all,  or 

E 

that  flowing  along  B  M  and  M2  B,  must  be  five  times  that  for  fusing  one.    Now  — ■  in  standard 

46 

measure  is  assumed  as  a  representation  of  the  force  for  fusing  one  wire  in  powder,  therefore ,  or 

TT 

say  —,  will  be  that  required  for  fusing  all.  With  the  reduced  Grove  arranged  in  series  no  num- 
ber of  cells  could  circulate  this  force  ;  because,  as  before  stated,  the  liquid  resistance  is  more  than 
9,  or  =  14|  ;  and  it  then  follows  that,  unless  we  can  reduce  this  resistance  L,  we  cannot,  with  the. 
Grove  in  question,  explode  these  five  charges  simultaneously. 

There  is,  however,  the  following  ready  mode  of  reducing  the  amount  of  this  resistance.  Imagine 
a  current  of  electricity  flowing  through  a  circuit  of  wire  BCD,  the  parts  of  which  B C,  CD,  and 
D  B,  Fig.  1159,  being  identical  in  all  respects,  will  oppose  an  equal  resistance  for  equal  portions  to 
the  circulation  of  the  current.  Now  let  the  portion  C  D  be  increased  to  double  the  size,  or,  what  is 
the  same  thing,  along  that  portion  of  the  circuit  let  another  wire  identical  with  C  D  be  placed, 
carrying  the  electric  fluid  from  C  to  D  concurrently  with  C  D,  and  the  effect  will  be  that  the  resist- 
ance of  the  length  C  D  of  the  circuit  will  be  reduced  to  one-half,  or,  if  a  third  wire  be  added,  it 
will  be  reduced  to  one-third,  and  so  on. 

1159.  1160 

_ .Ü 
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Now,  altering  this  disposition  of  the  circuit,  let  us  imagine  one  battery  B,  Fig.  1160,  say  of  12 
cells,  circulating  a  current  B  C  D  as  before,  having  another,  identical  in  all  respects,  placed  along- 
side of  it,  the  two  zincs  being  connected,  as  also  the  two  platinums,  and  the  current  circulating  in 
the  direction  Z  P  D  C.  Banishing  for  a  moment  from  the  mind  the  idea  that  the  electricity  is 
being  generated  there,  which  circumstance  cannot  affect  the  reasoning,  it  will  be  seen  that  if  the 
resistance  of  12  cells  before  was  12  L,  the  resistance  by  this  new  arrangement  of  this  part  of  the 
circuit  has  been  reduced  to  6  L  ;  or  imagining  the  two  batteries  B  and  B,  each  of  12  cells,  to  be  now 
one  battery,  the  resistance  of  the  12  cells  of  this  new  machine  is  now  but  one-half  of  what  it  was 
in  the  old  one  ;  and  if  a  third  battery  was  put  alongside,  the  resistance  of  the  combination  would 
be  4  L,  and  so  on.  We  can  therefore  make  a  battery,  without  any  more  trouble  than  that  of  altering 
the  modes  of  connection,  which  shall  give  a  resistance  of  liquid  of  any  degree  we  please  ;  and  there- 
fore we  can  circulate  with  economy  any  amount  of  force,  or  in  fact  form  a  battery  suitable  for  any 

purpose. 

■p 

In  the  case  we  have  taken,  we  require  to  circulate  an  amount  of  force  expressed  by  —  in  stan- 
ti 
dard  measure,  where  R  =  L  4-  w  =  9.  The  most  economical  mode,  theoretically  speaking,  to  cir- 
culate this  is  to  make  a  battery  in  which  L  =  4|,  leaving  4£  of  standard  measure  for  each  cell's 
available  energy  ;  but,  on  practical  considerations  before  noticed,  L  should  be  somewhat  less 
than  w. 

The  resistance  of  each  cell  of  the  Grove  battery  adoped  has  been  shown  to  be  about  14^.    Now, 

14'5 
five  batteries  arranged  abreast  will  reduce  this  to  — —  ,  say  3,  leaving  9  —  3  =  6  turns  =  9  yds. 

o 

of  adopted  conducting  medium  as  the  available  energy  a  cell  ;  and  if  in  the  case  before  us  we  sup- 
pose the  distance  M  B  to  be  one  quarter  of  a  mile  =  440  yds.,  and  the  distances  M  C15  M  C2,  and 
so  on,  each  =  100  yds.,  the  mode  of  calculating  the  number  of  cells  to  produce  instantaneous  explo- 
sion of  these  five  thus  arranged  would  be  :  circuit  M  C,  M2  including  platinum  fuze  =  200  4-  90, 

290 
then  the  resistance  of  five  concurrently  would  be   — -  =  58  ;  to  this   add  440  x  2  (=  880), 

Ö 

giving  938,  and  dividing  by  9  yds.,  the  available  energy  a  cell,  will  give  104  cells  for  the  number 
in  combination  five  deep  in  series,  or  104  x5=  520  cells  in  all. 

Now,  by  the  other  mode  of  simultaneous  firing,  a  much  less  number  of  cells  will  be  necessary  : 
any  one  of  these  charges  could  have  been  fired  by  an  arrangement  of  30  cells  with  ease,  and  as 
many  more  introduced  into  the  circuit  at  the  rate  of  two  or  at  most  three  additional  cells  for  each 
charge. 

The  reason  for  this  immense  difference  in  the  number  of  cells  necessary  in  the  two  modes  is 
that,  in  the  case  where  all  the  platinum  wires  are  placed  in  one  circuit,  it  is  not  necessary  to 
increase  the  amount  of  circulating  force,  because  the  quantity  flowing  through  one  charge  helps 
to  raise  the  heat  of  all  :  but  in  the  latter  arrangement  it  is  necessary  to  supply  heat  sufficient 
to  melt  five  platinum  wires,  of  one  thickness,   simultaneously;   and  as   they  share  the  electric 
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current  established  between  them,  five  times  the  amount  of  force  is  necessary.    If.  then,  an  equation 

=  F  represents  a  battery  in  which  L  +  w  are  economically  arranged  to  produce  a  force  F, 

L  +  w 

E  L 

then =  5  F  represents  a  disposition  for  fusing  five  such  wires.    Now  —  it  has  been  shown 

L       w  5 

5+5 

CO 

can  only  be  produced  by  placing  five  cells  abreast,  and  as  — ,  representing  the  available  energy  of  a 

cell,  is  only  one-fifth  of  what  it  was  before,  it  requires  that  five  times  as  many  should  be  arranged 
in  series,  end  on,  to  overcome  any  given  resistance. 

These  are  the  only  two  principles  of  firing  simultaneously  that  are  practised,  for  the  following 
arrangement  is  but  a  modification  of  the  second  mode,  as  will  be  apparent,  and  the  same  mode  of 
calculation  applies  to  it.  We  have,  by  the  second  arrangement,  a  mode  of  exploding  any  number 
of  charges  simultaneously,  and  from  the  arrangement  itself  it  is  evident  that  a  failure  cannot 
take  place,  for  each  charge  will  be  quite  independent  of  the  others.  At  the  same  time  it  is  very 
doubtful  if  any  economy  is  secured  by  this  arrangement.     Supposing  B  M  C15  in  Fig.  1158,  to  be 

540 
540  yds.  as  before,  -— -  +  2  gives  26'  cells  as  quite  sufficient  for  exploding  that  one  mine,  and 

therefore  26  X  5  =  130  cells  would  be  enough  to  explode  all  five  simultaneously,  if  each  charge 
had  a  pair  of  wires  leading  to  B.  Now,  to  economize  four  pairs  of  wires  along  M  B,  or  to  save  the 
trouble  of  laying  out  two  miles  of  wire,  we  are  obliged  to  employ  520  —  150  =  370  extra  cells  ; 
and  it  becomes  a  matter  for  consideration  whether  the  extra  expenditure  of  trouble  and  acid,  at 
the  source  of  supply,  does  not  more  than  counterbalance  the  labour  of  arranging  the  wires.  In 
fact,  the  first  principle  of  simultaneous  firing,  namely,  that  of  placing  all  charges  in  one  circuit,  is 
the  only  economical  mode,  and  that  it  requires  but  a  knowledge  of  the  principles  which  we  have 
endeavoured  to  make  clear,  without  any  finessing  in  practical  details,  to  ensure  success  with  it  on 
every  occasion.  The  great  cause  of  failures  in  simultaneous  explosion  has  been  the  want  of 
sufficient  power  ;  and  if  any  one  will  take  the  trouble  to  examine,  on  the  principle  of  Ohm's 
theory,  the  statistics  of  recorded  failures,  they  will  see  that  they  all  thus  occurred  from  a  manifest 
want  of  power  ;  so  that  instead  of  disappointment  at  their  want  of  success,  they  will  wonder  how 
they  ever  succeeded. 

It  has  generally  been  the  habit,  as  a  matter  of  precaution,  to  solder  two  wires  side  by  side  in  a 
bursting  charge,  in  case  one  should  break  ;  would  any  one  unacquainted  with  Ohm's  theory 
imagine  that  if  a  battery,  economically  constructed  for  fusing  one  wire,  were  used  to  fuse  two  side 
by  side,  it  would  not  be  able  to  produce  even  visible  heat  in  either  of  the  two,  or,  in  fact,  that  it 
would  require  four  times  as  many  cells  (arranged  as  explained  before)  to  fuse  these  two  wires  ? 
yet  sometimes  three  or  four  have  been  so  placed.  Occasionally  two  charges  are  placed  thus, 
Cj  C2,  Fig.  1161,  in  one  powder-box,  each  (C1  and  C2)  having  two  platinum  wires.  If  a  battery 
were  economically  constructed  to  fuse  one  such  wire,  it  would  require  nearly  sixteen  times  as  many 
cells  to  fuse  the  four. 


|B 
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Suppose,  again,  Fig.  1162,  that  a  number  of  charges  are  arranged  in  a  circuit  thus,  each  with 
two  precautionary  wires,  and  that  while  the  battery  is  powerful  enough  to  fuse  the  double  wires 
all  round,  one  of  the  two  wires  in  one  charge  (C,)  is  broken  by  some  mishap  ;  it  is  then  rendered 
positively  certain  that,  however  strong  the  battery  power  may  be,  this  (CJ  will  be  the  only  charge 
which  will  explode,  for  the  one  wire  left  in  it  will  fuse  before  the  other  pairs  will  arrive  at  any 
visible  heat.     Ohm's  theory  explains  the  cause,  and  points  to  this  as  the  certain  result. 

Again,  the  conducting  wire  hitherto  used  for  explosion  has  been  generally  ±  of  an  in.  thick, 
and  the  platinum  wire  in  the  bursting  charge  sometimes  1£  in.  long;  now,  can  it  be  supposed  that 
it  was  generally  known  that  the  introduction  of  one  such  bursting  charge  in  the  above  circuit  was 
equivalent  to  adding  1200  yds.  of  the  thick  conducting  medium,  or  that  an  equivalent  to  this 
resistance  in  cells  was  ever  added  to  compensate  for  the  diminution  of  force? 

These,  and  many  other  extraordinary  results  depending  on  the  principles  regulating  the 
circulation  of  a  voltaic  current,  have  given  this  agent  the  character  of  extremo  mutability  and 
uncertainty,  which  it  does  not  deserve,  as  they  were  the  consequence  of  an  imperfect  knowh idge 
of  those  principles. 

From  what,  then,  has  been  shown  above,  as  the  result  of  the  use  of  a  second  platinum  wire  in 
the  bursting  charge,  it  will  be  apparent  that  Ward  condemns  its  application  ;  since  in  firing 
charges  simultaneously  in  a  circuit  it  is  worse  than  useless,  and  is  indeed  ruinons  in  its  effect. 
The  precaution  being  resorted  to,  implies  a  belief  that  in  case  of  a  single  fracture  in  any  on  o 
charge,  a  second  wire  is  at  hand  to  complete  the  circuit  and  ensure  an  explosion  of  all  ;  but  the 
reverse  is  the  case,  as  has  been  shown  ;  and  the  second  wire,  the  first  being  fractured,  ensures 
that  this  charge  is  the  only  one  which  will  explode:  and  yet  the  usual  testing  of  the  circuit  by  a 
galvanometer  needle,  previous  to  connecting  with  the  battery,  will  delude  one  with  the  hope  that 
all  is  right  ;  whereas,  if  only  one  wire  had  been  used  in  each  charge,  the  fracture  would  have  been 
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made  apparent  at  once  by  the  breaking  of  the  circuit,  and  thus  a  warning  given  to  repair.  In  no 
case  should  we  attempt  to  place  more  than  one  platinum  wire  in  a  bursting  charge,  and  that 
charge  should  be  only  connected  with  a  pair  of  conducting  wires  leading  to  the  surface  or  end  of 
the  tamping  ■  place  a  second  charge,  if  it  is  thought  desirable  ;  and  before  finally  connecting  either 
of  them  with  the  wires  intended  to  lead  to  the  battery,  test  each  by  the  galvanometer  to  see  if  the 
circuit  to  that  point  is  complete,  and  then  connect  only  one  of  them  to  the  main  wires  leading  to 
the  place  from  which  the  mine  is  to  be  fired. 

It  will  be  seen  that  for  whatever  purpose  voltaic  agency  may  be  required,  and  whatever 
principle  we  adopt  to  circulate  the  amount  of  current  required,  there  is  a  certain  size  of  plates 
which  will  do  it  to  the  best  advantage,  depending  on  the  mechanical  equivalent  representing  the 
value  of  that  force.  In  the  present  case  the  force  required  was  found  to  be  best  produced  by  a 
Grove's  arrangement  of  the  size  submitted.  When  a  Smee  was  tried,  though  from  its  simplicity 
it  was  preferable  to  a  Grove,  it  was  found  that  it  choked  itself,  as  it  were,  in  its  endeavours  to 
circulate  the  amount  required,  and  consequently  its  circulation  was  not  constant  and  not  suitable 
for  our  purpose  ;  at  the  same  time  its  electro-motive  energy  being  low,  more  bulk  was  necessary 
for  producing  any  effect.  Daniell's  battery  certainly  circulated  a  constant  force  of  the  degree 
required  ;  but  it  was  inferior  in  electro-motive  energy  to  Grove's,  and,  being  at  the  same  time  more 
complicated,  was  rejected,  and  so  with  the  others. 

We  have  shown  that  the  simultaneous  explosion  of  any  number  of  charges  of  powder  can  be 
obtained,  if  we  can  at  the  required  moment  establish  the  flow  of  such  a  constant  current  of  electricity 
as  shall  produce  a  fusion  heat  in  every  platinum  wire  placed  in  the  circuit. 

It  is  advantageous,  however,  that  this  circulation  should  be  produced  with  the  utmost  economy, 
consistent  with  certainty  ;  and  we  have  shown  that  the  economical  consideration  is  theoretically 
satisfied  when  (E  representing  the  electro-motive  energy  of  the  combination,  L  the  resistance  of 
the  liquid,  w  that  of  the  wire,  n  the  number  of  plates,  and  F  the  required  amount  of  current)  in  the 

equation  F  =  — — ,  n  L  =  w,  or  L  =  —  ;  but  that  practically,  for  reasons  given,  L  should  be 

w  w 

somewhat  less  than  — ,  the  expression  —  representing  the  available  energy  to  each  cell  of 

the  voltaic  combination. 

Now,  the  battery  submitted  has  been  constructed  to  satisfy  these  conditions,  with  the  platinum 
wire  which  Ward  recommends.  But  it  will  be  evident  that  any  alteration  in  the  amount  of 
current  required  to  circulate  would  require  a  corresponding  modification  of  the  battery.  For 
instance,  if  a  platinum  wire  double  the  thickness  of  that  recommended  were  substituted,  more  heat 
would  be  required  to  fuse  it,  and  therefore  a  greater  current  must  be  caused  to  circulate.     This 

can  only  be  brought  about  in  the  equation  F  =  —  ,  where  E  and  L  are  constant,  as  they  are 

in  any  determined  form  and  principle  of  battery,  by  a  diminution  of  w  ;  and  if  this  diniimition 
reduces  w  in  value  below  n  L,  the  amount  of  current  required  is  no  longer  economically  circulated. 
Nor  can  it  be  so  till  the  value  of  L  is  also  reduced,  the  principal  mode  of  effecting  which  is  by 
enlarging  the  size  of  the  plates.  The  diameter  of  the  platinum  wire  is  therefore  an  essential  con- 
sideration in  determining  the  size  of  the  plates  in  any  voltaic  arrangement  to  produce  its  fusion, 
as  very  small  differences  in  the  diameter  of  the  platinum  wire  will  lead  to  gross  errors  in  calcula- 
ting the  number  of  cells  necessary  for  an  explosion,  and  uniform  success  can  never  be  obtained  in 
the  field  if  the  platinum  wire  has  not  been  carefully  selected,  and  tested  as  hereafter  suggested 
before  its  issue  from  store. 

The  length  of  the  platinum  wire  employed  in  the  bursting  charge  is  not  a  matter  of  the  same 
importance,  as  a  battery  of  the  same  sized  plates  can  economically  circulate  the  force  required 
through  any  length  of  platinum  wire.  For  it  must  be  borne  in  mind  that  by  adding  lengths  of 
wire  we  do  not  call  on  the  battery  to  circulate  a  greater  amount  of  force,  but  merely  to  overcome  a 
greater  resistance  to  the  circulation  of  the  same  amount,  which  can  readily  be  done  by  increasing 

„  TT 

the  number  of  plates  in  series.    For  if  in  the  equation  F  =  — - we  increase  to  to  w  +  o, 

nL  +  w 

and  so  diminish  the  value  of  F,  we  can  immediately  restore  the  equation  to  its  former  value  by 
adding  cells  = ,  and  the  force  F  will  circulate  as  economically  through  a  resistance  w  +  a 

(n  +  ^f) 

by  the  combination  expressed  by ¿ — : as  it  did  in  the  first  case  through  w  by 

/  n  -i J  L  +  w  +  a 

the  combination  of  n  cells. 

It  is  thus  quite  open  to  any  future  operator  with  the  battery  submitted,  to  introduce  any 
lengths  of  platinum  wire  into  his  bursting  charge,  merely  remembering  to  employ  the  thickness 
recommended,  namely,  1  '  05  grain  a  yard  ;  though  $  of  an  in.  is  sufficiently  long  for  all  purposes, 
and  possesses  the  advantage  of  less  liability  to  fracture  than  greater  lengths. 

With  respect  to  the  copper  conducting  medium,  that  weighing  250  grains  a  yard,  covered  with 
gutta-percha,  is  recommended  ;  but  it  is  not  essential  that  any  particular  metal  should  be  employed, 
or  that  the  wire  should  be  of  any  particular  weight,  as  we  have  described  a  ready  mode  of  ascer- 
taining the  resistance,  in  standard  measure,  of  any  material  of  any  length. 

Mining  Operations  for  Blowing  Down  the  Cliff  near  Seaford,  on  the  Coast  of  Sussex,  1850  :  by  Major- 
General  John  F  .  Burgogne. — Aloni:  the  coast  of  Sussex  the  banks  of  shingle  afford  protection  to 
the  rich  low  lambs  within  them  from  the  encroachments  of  the  sea. 

The  shingle,  however,  is  in  a  graduai  but  irregular  state  of  movement,  from  west  to  east,  and 


BOEING  AND  BLASTING. 


561 


at  times  a  great  impression  is  made  on  particular  parts,  that  would  lead  to  much  damage,  if  not 
arrested  by  projections  of  timber  and  planking,  between  high  and  low  water  marks,  termed 
groins.     These  groins  are  very  expensive,  and  their  useful  effects  extend  but  for  a  short  distance. 

William  Catt,  whose  family  have  considerable  possessions  in  the  plain  between  Newhaven  and 
Seaford,  a  distance  of  about  three  miles,  considered  that  by  constructing  a  very  substantial  groin 
on  a  large  scale  under  the  cliff  near  Seaford,  which  is  at  the  east  extremity  of  the  plain  above 
mentioned,  and  the  foot  of  which  cliff  was  washed  by  the  sea  at  high  water,  and  thus  stopping 
the  progress  of  the  shingle,  it  would  have  some  influence  in  protecting  the  whole  extent  of  the 
beach  to  Newhaven. 

He  also  considered  that  the  most  efficient,  lasting,  and  economical  mode  of  establishing  such  a 
projecting  obstruction  would  be  by  throwing  down  the  cliff,  which  was  nearly  perpendicular,  and 
about  200  ft.  high,  on  to  the  beach,  by  a  great  explosion  of  gunpowder. 

In  the  main  feature  of  the  application  of  the  two  great  charges,  there  was  no  difference  in 
principle  between  them  and  the  three,  though  there  were  some  in  the  proposed  modes  for  carrying 
it  out,  as  will  be  subsequently  explained. 

The  plan  finally  adopted  was  to  lodge  two  large  charges,  each  of  12,000  lbs.  of  powder,  120  ft. 
asunder,  with  lines  of  least  resistance  of  70  ft.  to  the  face,  and  58  ft.  above  the  level  of  the  foot  of 
the  cliff. 

Five  smaller  charges,  of  600  lbs.  each,  were  to  be  placed  in  rear,  Figs.  1163  to  1168,  at  a  higher 
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level,  to  clear  that  part  from  overhanging  remains  ;  and  the  whole  to  be  ^^ISÏ^^S 
the  two  main  charges  first  and  simultaneously,  and  the  five  smaller  ones  ™»^4^»  £ 
consequence  of  not  receiving  in  time  a  supplementary  demand  of  gunpowder,  only  three  of  the 
smaller  charges  were  loaded.  2  o 
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The  circuit  of  the  wires  connected  to  the  two  great  charges  was  completed  at  the  batteries, 
and  on  the  instant  the  ignition  of  both  took  place,  throwing  down  the  face  of  the  cliff  for  a  length 
of  500  ft.,  and  to  the  rear  15  or  20  ft.  beyond  the  five  shafts,  so  as  to  bring  down  and  bury  the 
three  npper  charges  unfiled,  cracks  and  fissures  extending  nearly  to  the  shed  in  which  the  batteries 
were  placed. 

Figs.  1169  to  1174  show  the  result  of  the  explosion  of  these  iwo  mines;  and  on  the  sections 
is  also  described  the  effect  produced  by  the  action  of  the  sea  upon  the  mound  formed  by  the  fall 
of  the  cliff. 
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Section  through  Centre  Line  of  Gallery. 
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Section  along  West  Line  of  least  Resistance. 
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Section  through  East  Line  of  least  Resistance. 
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Section  through  L  at  right  angles  to  Lines  of  least  Resistance. 
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Section  through  Ü  at  riçht  ançrles  to  Lines  of  least  Resistance. 


The  projection  of  the  mound,  as  first  thrown  out,  was  about  300  ft. 

The  mass  thrown  down,  according  to  dimensions  taken  the  day  after  tho  explosion,  wafl  aboui 
200,000  cub.  yds.,  or  292,000  tons  nearly,  at  121  lbs.  the  ruh.  ft.,  which  was  found  by  actual  trial 
to  be  the  specific  gravity  of  the  chalk. 

2  o  2 
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Mining  Operations  at  Seaford. — The  opening  made  in  the  face  of  the  cliff  for  the  commencement 
of  the  central  gallery,  by  which  both  the  chambers  were  reached,  was  35  ft.  above  the  high-water 
mark  (ordinary  spring  tides),  which  at  this  spot  was  the  level  of  the  beach  at  the  base  of  the 
cliff.  It  was  commenced  from  a  rough  stage  supported  by  scaffold  poles,  and  reached  by  a  common 
ladder,  the  stage  being  necessary  in  consequence  of  the  impossibility  of  making  any  impression  on 
the  face  of  the  cliff  by  men  working  on  the  ladder  itself.  The  cliff  is  composed  of  a  very  compact 
chalk,  121  lbs.  to  the  cub.  ft.,  dipping  to  the  north  at  an  inclination  of  about  15%  and  intersected 
by  veins  of  flint  at  intervals  of  about  15  or  20  ft.  Its  height  was  at  the  site  of  the  western  mine 
203  ft.,  and  at  the  other  225A-  ft.,  above  high-water  mark.  The  section  at  the  first  of  these  spots 
was  nearly  vertical  ;  for  the  whole  height  at  the  second  it  was  only  so  for  about  140  or  150  ft.  A 
mound  of  chalk,  that  had  fallen  a  few  days  before  just  at  the  spot,  afforded,  when  levelled  on  the 
top,  a  base  11  or  15  ft.  above  the  beach,  on  which  to  erect  the  scaffolding.  As  soon  as  the  men 
had  penetrated  a  sufficient  distance  into  the  cliff  to  be  able  to  work  in  security,  the  scaffolding  was 
strengthened,  and  a  convenient  platform  with  1175 

a  step-ladder  constructed  for  use  during  the 
remainder  of  the  operations,  Fig.  1166.  To 
this  scaffolding  was  also  fixed  a  crane-post 
and  derrick  capable  of  lifting  nearly  half  a 
ton,  by  means  of  which  the  sand-bags  and 
chalk  used  for  tamping  were  raised  to  the 
mouth  of  the  gallery  by  a  crab  on  the  top  of 
the  mound.     See  Figs.  1175  to  1177. 

At  the  entrance,  a  cave  of  the  dimensions 
shown  by  Fig.  1176  was  formed,  for  the  pur- 
pose of  keeping  all  tools  and  materials  out 
of  the  way  of  the  men  working  at  the  gallery, 
and  this  space  subsequently  proved  of  the 
greatest  service,  as  a  depot  for  the  powder, 
sand-bags,  and  chalk,  before  they  could  be 

1177. 


passed  along  the  gallery  and  branches.  Similar  advantage  was  found  from  a  recess,  Fig.  1176,  at 
the  end  of  the  central  gallery,  formed  by  its  prolongation,  originally  as  the  mode  of  arriving 
at  the  spot  where  a  third  service  of  2000  lbs.  was  proposed,  which  was  afterwards  considered 
unnecessary,  and  the  further  advancement  of  the  gallery  stopped.  The  use  made  of  these  two 
depots  fully  compensated  for  the  cost  of  their  excavation,  though,  had  the  rock  been  of  a  hard 
nature,  smaller  spaces,  particularly  with  reference  to  the  upper  recess,  would  have  answered  the 
purpose,  and  would  have  been  advisable  on  the  score  of  economy. 

The  men  employed  driving  the  gallery  and  branches  worked  in  reliefs  for  the  whole  24  hours. 
For  the  gallery,  three  reliefs  of  four  nun  enrh  were  told  off:  and  subsequently  for  the  branches 
three  reliefs  of  six  men  for  the  two,  which  were  carried  on  for  the  most  part  simultaneously.  The 
hours  for  relieving  were  6  a.m.,  noon,  6  p.m.,  and  midnight,  excepting  at  periods  when  the  high 
spring  tides  prevented  the  relief  passing  a  projecting  part  of  the  cliff  at  the  proper  hours,  when 
arrangements  were  made  to  equalize  the  extra  time  the  men  were  consequently  employed.     The 
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work  was  hardly  ever  interrupted  between  6  a.m.  on  the  Monday  and  6  p.m.  on  Saturday.  By 
compelling  each  relief  to  be  in  barracks  six  hours  before  their  turn  came  for  work,  the  men  were 
always  fresh  at  the  commencement  of  their  time  ;  and  as  the  working  pay  was  good,  and  the  best 
miners  were  thus  employed,  the  average  amount  of  work  performed  by  night  fully  equalled  that 
by  day. 

The  dimensions  of  the  entrance  gallery  are  given  in  Figs.  1176,  1177.  The  content  was 
47J  cub.  yds.  ;  the  rate  of  progress  about  16  cub.  yds.  in  the  24  hours. 

The  main  gallery  of  the  section  given  in  Fig.  1178  had  an  area  of  27  superficial  ft.,  so  that  each 
lineal  foot  gave  1  cub.  yd.  of  excavation.  The  average  rate  of  progress  was  8  lineal  ft.,  equal  to 
8  cub.  yds.,  in  the  21  hours. 

The  branches,  of  the  dimensions  given  in  Fig.  1179,  had  a  section  of  about  12i  superficial  ft.; 
the  rate  of  progress  of  the  two  was  at  first  about  16  ft.  =  7°4  cub.  yds.  in  the  24Ìiours,  six  nien^ 
as  before  stated,  being  employed  in  each  relief,  instead  of  four,  as  in  the  gallery;  but  as  the  dis- 
tance from  the  entrance  increased,  this  rate  was  not  maintained,  the  latter  portions  averaging  little 
more  than  13  ft  in  the  24  hours, 
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From  the  foregoing  data,  the  general  rate  of  progress  of  the  works  mentioned  above  may  be 
assumed  at  9  cub.  yds.  in  the  24  hours,  by  five  men  constantly  employed  day  and  night. 

In  comparing  the  progress  of  the  gallery  and  branches,  it  appears  that  the  former  advanced 
at  the  rate  of  8  ft.  in  the  24  hours,  and  each  of  the  latter,  though  less  than  one-half  the  area,  at  an 
average  rate  of  only  about  7-|  ft.  in  the  same  time.  The  increased  distance  of  the  branches  from 
the  entrance  would  partly  account  for  this  difference  ;  but  it  is,  in  a  great  measure,  to  be  attributed 
to  the  slow  progress  made  by  miners  when  working  to  a  disadvantage  in  a  very  confined  spaoe. 
Had  these  branches  been  5  ft.  6  in.  high  and  3  ft.  6  in.  or  4  ft.  broad,  it  is  probable  that  they  would 
have  been  completed  in  rather  less  time  than  was  occupied  by  the  smaller  size  adopted,  particu- 
larly as  no  gunpowder  was  used  ;  the  subsequent  tamping  would,  however,  have  been  proportionally 
increased. 

The  chambers  for  the  two  lower  mines  were  cubical,  the  side  of  the  cube  being  7  ft.  2  in.,  and 
giving  a  content  for  the  two  of  27  cub.  yds.,  Fig.  1167.  The  time  occupied  in  their  excavation, 
and  in  squaring  their  floors  and  sides  to  receive  the  joists  and  uprights  to  support  the  rough 
planking  with  which  they  were  lined,  was  about  138  hours,  making  the  rate  of  progress  only 
4  cub.  yds.  in  the  -24  hours. 

The  five  shafts  sunk  for  the  five  mines  of  600  lbs.  each,  intended  to  have  been  fired  simul- 
taneously, directly  after  the  ignition  of  the  lower  mines,  were  each  40  ft.  deep,  and  of  the  section 
shown  in  Fig.  1180  having  an  ascent  of  about  19  superficial  ft.  The  total  con- 
tent of  the  five  was  about  140  cub.  yds. 

Three  men  were  generally  employed  upon  each  shaft.  The  stuff  brought  up 
was  piled  round  the  mouth  of  the  shaft,  ready  for  tamping,  and  no  gunpowder 
was  used,  the  chalk  being  of  a  much  softer  character  than  in  the  gallery,  and 
not  intersected  in  the  same  manner  with  flint.  The  task  set  to  each  gang  of 
three  men  for  the  greater  part  of  the  work  was  2  ft.  6  in.  for  every  6  hours.  The 
average  rate  of  progress  for  the  first  three  shafts  was  3  ft.  7  in.,  equal  to  nearly 
2|  cub.  yds.  a  day.  The  two  last  shafts,  which  were  only  decided  upon  within  a  few  days  of  the 
explosion,  were  carried  on  during  the  night  by  reliefs.  Their  progress  in  the  24  hours  was  nearly 
6  ft.  =  about  4J  cub.  yds.  each  shaft. 

The  returns  at  the  bottom  of  the  shafts,  and  the  chambers  for  the  powder,  were  as  shown  in 
Fig.  1181.     The  difficulty  of  working  in  so  confined  a  space,  and  the  trouble 
of  squaring  the   returns  accurately  so  as   to  admit  the  boxes  containing  the 
powder,  were  the  causes  of  great  increase  in  the  expense. 

The  directions  of  the  gallery  and  brandies  were  laid  out  by  a  theodolite,  with 
reference  to  a  line  assumed  as  parallel  to  that  joining  the  centres  of  the  two 
charges,  fixed  during  the  previous  survey  of  the  ground,  and  the  inclination  of 
their  floors  was  tested  by  a  mason's  level,  the  miners  being  provided  with  a 
rough  level  adjusted  to  the  required  slope,  to  direct  them  during  the  progress 
of  the  work. 

The  tools  used  in  the  main  gallery  were  the  common  miner's  pick,  and  a  large 
shovel,  for  which,  in  the  branches,  a  mining  shovel,  2  ft.  3  in.  long  over  all, 
was  substituted.  Wheelbarrows  were  found  more  manageable  in  the  gallery 
than  miners'  trucks,  which,  owing  to  the  very  great  inclination  at  which  the  floor  was  driven 
(1  in  3),  were  very  difficult  to  hold  back  when  descending  the  slope  filled  with  chalk,  and  to  draw 
them  up  empty.  In  the  branches,  which  had  a  rise  of  1  in  9  to  1  in  10,  trucks  were  always  used , 
the  recess  at  the  end  of  the  gallery,  already  alluded  to,  being  found  very  useful  for  turning  them 
and  for  keeping  tools  out  of  their  road. 

Ventilation.— The  air  was  so  pure  in  the  whole  of  the  galleries,  and  even  in  the  chambers,  that, 
excepting  when  the  miners  were  actually  at  work  and  the  candles  burning,  no  artificial  ventilation 
was  required  ;  had  any  quantity  of  carbonic  acid  gas  been  present,  it  would,  owing  to  the  steep 
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inclination  of  the  main  gallery,  have  flowed  outwards  along  the  floor  towards  the  entrance,  and  its 
place  have  been  supplied  by  a  stream  of  fresh  air  along  the  roof  of  the  gallery.  In  the  branches 
this  effect  would  have  been  much  lessened,  from  their  more  gradual  rise  ;  and  in  the  chambers, 
which  were  sunk  below  the  level  of  the  floor  of  the  contiguous  branches,  the  heavy  gas  would 
have  settled  immediately  ;  but  in  this  instance  the  air  on  the  floor  of  the  chambers  appeared  as  pure 
and  light  as  at  the  entrance.  The  air-pump  by  which  the  ventilation  was  effected  had  been 
used  for  exhausting  the  foul  air  at  the  bottom  of  a  deep  well  sunk  in  the  neighbourhood  of 
Brighton;  and,  by  mounting  it  upon  a  rough  stand,  it  was  made  available  in  the  gallery  and 
branches.  The  tube,  secured  to  the  wall  about  3  ft.  above  the  floor,  was,  for  the  whole  length  of 
the  gallery,  part  of  the  old  wooden  pipe  that  belonged  to  the  air-pump  ;  but  in  the  branches,  gutta- 
percha tubes,  of  2f  in.  diameter  and  ^  of  an  in.  thick,  were  made  use  of. 

By  adding  length  after  length  to  these,  as  required,  the  hot  impure  air  breathed  by  the  miners 
at  work  was  drawn  off  by  the  air-pump,  which,  in  fact,  was  all  the  ventilation  needed.  Had  the 
air  become  foul  as  the  miners  advanced  into  the  cliff,  this  air-pump  would  not  have  been  sufficiently 
powerful  for  the  purpose  ;  to  be  prepared  for  which  contingency,  arrangements  were  made  for  the 
use  of  a  blowing  apparatus  from  a  foundry  at  Brighton,  which,  however,  was  never  required. 

The  gutta-percha  tubes  weighed  about  3J  oz.  a  foot  run. 

Lighting  the  Galleries  and  Chambers. — During  the  progress  of  the  gallery  and  branches,  the 
miners  worked  by  the  light  of  candles,  in  the  accustomed  manner  ;  but  to  avoid  any  risk  of  acci- 
dent from  the  use  of  lamps  during  the  operation  of  loading  the  mines,  fixing  the  bursting  charges, 
and  laying  and  securing  the  copper  wires  leading  from  them,  a  contrivance  was  resorted  to  for 
lighting  the  chambers  by  reflection  from  plates  of  bright  tin  tacked  upon  deal  frames,  which  plan 
was  previously  tried  and  found  to  answer  perfectly  during  their  excavation.  This  method  ori- 
ginated in  a  suggestion  of  Colonel  Lewis,  founded  upon  a  mode  he  had  practised  of  obtaining  light 
in  a  magazine,  by  reflection  from  the  painted  copper  door  of  the  building.  A  board  of  about  4  ft. 
square  was  first  covered  with  bright  sheets  of  tin,  and  fixed  at  an  angle  of  45°  with  the  direction  of 
the  centre  line  of  the  main  gallery,  at  the  spot  where  the  branches  turned  off  nearly  at  right 
angles.  The  light  thus  first  obtained  by  reflection  from  the  white  chalk  was  very  feeble,  and  hardly 
perceptible  near  the  extremity  of  the  branches,  excepting  at  one  short  interval  in  the  day  when 
the  sun  was  nearly  in  the  line  of  the  gallery,  and  its  scattered  rays  were  reflected  from  the  sea 
(particularly  when  calm)  up  the  slope  ;  and  the  smaller  reflector  was  then  placed  just  outside 
the  mouth  of  the  gallery,  in  such  a  position  as  to  catch  obliquely  the  first  rays  of  the  sun  that  the 
overhanging  cliff  allowed  to  visit  the  spot,  which  was  between  10  and  11  a.m.,  from  which  hour 
till  sunset,  by  occasionally  moving  the  outer  reflector  and  adjusting  it  like  a  heliostat,  to  throw 
the  direct  rays  it  had  attracted  upon  the  set  of  plates  at  the  upper  end  of  the  main  gallery,  a  bril- 
liant light  was  reflected  along  the  branches  and  into  the  chambers,  where  the  smallest  and  most 
indistinct  writing  was  as  legible  as  it  would  have  been  in  broad  daylight.  Had  the  operations 
extended  over  a  longer  space  of  time,  this  outer  reflector  would  have  been  fixed  in  a  frame,  and 
means  contrived  to  render  the  adjustments  in  any  way  required  more  easy  ;  but,  for  the  short  period 
it  was  needed,  a  rough  plank  to  support  it,  and  two  or  three  sand-bags  to  retain  it  in  the  required 
position,  were  found  sufficient. 

Loading  the  Mines. — The  gunpowder  (24,000  lbs.)  used  for  the  lower  mines  was  supplied  at  the 
lowest  rate  at  which  the  Battle  Mills  had  offered  to  furnish  merchants'  blasting  powder,  of  good 
quality,  but  inferior  in  strength  to  cannon  powder  in  about  the  ratio  of  9  to  13. 

It  had  been  made  up  in  flannel  bags  containing  10  lbs.  of  powder,  nine  of  which  bags  were 
packed  in  each  of  the  barrels,  which  were  lined  with  zinc  cylindrical  cases,  having  lids  fitted  to 
openings  on  the  top,  rendered  impervious  to  moisture  by  a  thick  coating  of  waterproof  composition. 
These  were  sent  round  to  Seaford  Bay  in  a  sloop,  and  landed,  almost  immediately  after  the  arrival 
of  the  vessel  (soon  after  low  water),  on  the  beach,  before  one  of  the  martello  towers  which  had  been 
prepared  to  receive  them  until  required  for  use.  The  whole  number  of  barrels,  weighing  nearly 
130  lbs.  each,  were  carried  by  hand  up  the  beach,  and  stored  in  the  tower.  The  powder  required 
for  the  mines  at  the  bottom  of  the  shafts  sunk  above  the  cliff,  which  did  not  form  part  of  the 
original  project,  was  not  applied  for  at  the  time  that  the  first  quantity  was  dispatched,  and,  owing 
to  some  delay,  did  not  arrive  at  Seaford  until  within  two  days  of  the  time  fixed  for  the  explosion, 
so  that  it  was  only  possible  to  load  three  of  the  five  mines  of  G00  lbs.  each  that  had  been 
prepared. 

The  distance  from  the  tower  to  the  entrance  of  the  gallery,  nearly  three-fourths  of  a  mile,  ren- 
dered it  necessary  to  employ  three  carts  to  assist  in  moving  the  powder  along  the  beach,  on  account 
of  the  time  that  would  have  been  consumed  in  conveying  all  the  bands  to  the  spot  upon  hand- 
barrows.  A  portion  of  the  men  were,  however,  so  employed  with  nine  barrows,  ¡nul  a  party  of 
thirty  sappers,  under  an  (»Hirer,  were  told  olì*  for  this  work,  and  for  carrying  the  powder  barrels  up 
the  ramp  leading  to  the  foot  of  the  ladder,  and  passing  the  bags  up  the  steps  into  the  entrance 
chamber. 

As  rapidly  as  the  barrels  were  brought  to  the  top  of  the  mound  at  the  foot  of  the  ladder,  they 
were  opened,  .oui  the  bags  passed  by  hand  up  the  steps  by  nun  stationed  at  proper  distances  upon 
them,  the  convenient  size  of  the  bags  enabling  this  to  be  performed  with  great  ease  and  rapidity;  and 
by  tin;  time  the  men  went  to  dinner,  one-third  of  the  powder  had  been  piled  up  in  the  outer  recess, 
upon  tarpaulins  previously  laid  to  receive  the  hags.  After  dinner,  part  of  the  men  (twelve)  were 
employed  passing  the  ba^s  up  the  gallery  to  the  inner  recess,  also  by  hand,  the  men  beim;  sta- 
tioned between  5  and  0  ft.  apart,  along  one  of  the  walls,  and  the  gallery  lighted  in  the  manner 
already  described. 

Later  in  the  afternoon,  the  men  who  had  been  occupied  with  the  powder  barrels  were  made  to 
line  one  of  the  branches,  sitting  down  with  their  backs  to  the  side  of  the  branch,  and  passing  tin; 
bags  from  hand  to  hand  to  the  chamber,  where  they  were  built  up  in  a  compact  form,  under  the 
eye  of  one  of  the  officers;  the  chamber  having  been  previously  floored,  and  lined  to  the  height 
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of  5  ft.  "with  rough  planks,  fastened  to  uprights  by  copper  nails,  to  prevent  the  powder  from  coming 
in  immediate  contact  with  the  chalk. 

"When  one-half  of  one  chamber  was  completed,  the  men  were  transferred  to  the  other  branch, 
and  both  chambers  were  loaded  with  half  their  quantity  of  powder,  the  whole  time  occupied 
by  the  above  operations  being  only  6J  hours.  Two  sentries  were  then  mounted  at  the  entrance 
of  the  gallery,  and  on  the  following  morning  the  work  was  recommenced,  and  the  loading  entirely 
completed  by  half-past  4  p.m.  Before  leaving  work  the  remaining  sand-bags  were  all  filled,  and 
about  ninety  of  these  hoisted  into  the  mouth  of  the  gallery  by  means  of  the  derrick,  and  taken 
up  to  the  upper  recess,  to  be  in  readiness  for  commencing  the  tamping  as  soon  as  the  bursting 
charges  should  have  been  fixed,  and  the  first  portion  of  the  wires  leading  from  them  secured  from 
any  risk  of  being  moved  or  injured,  which  was  effected  by  passing  them  through  tubes  drilled  in 
strong  pieces  of  scantling,  secured  across  the  entrance  to  the  chambers,  and  fastening  them  by 
wooden  plugs,  and  afterwards  leading  them  along  the  floor  of  the  branches  in  grooves  cut  in  narrow 
strips  of  plank,  covered  by  other  pieces  nailed  over  them  with  copper  nails. 

The  whole  of  the  operations  detailed  above,  from  commencing  to  move  the  powder  from  the 
tower  to  the  completion  of  the  loading  of  both  the  mine"  occupied  3  carts  and  30  men  for  11  hours, 
and  12  men  afterwards  for  about  4  hours. 

The  lines  of  least  resistance  of  each  mine  being  exactly  70  ft.  and  the  charge  12,000  lbs.,  the 
proportion  the  latter  bore  to  the  cube  of  that  line  was  about  Jg,  rather  more  than  was  originally 

proposed  Q0.    (70)3  =  343000  and  34^°Q  =  12250  lbs. 

Tamping. — The  materials  used  for  tamping  in  the  galleries  were  sand-bags  (filled,  some  with 
dry  chalk,  but  the  greater  part  with  sea-sand)  and  lumps  Of  chalk.  The  sand-bags,  only  600  of 
which  were  supplied,  extended  about  30  ft.  from  each  chamber  along  the  branches,  the  remaining 
length  of  which,  as  well  as  that  portion  of  the  main  gallery  which  it  was  considered  advisable  to 
fill  up,  being  completed  with  chalk  hoisted  from  below  by  means  of  the  derrick,  in  large  baskets 
containing  6  bushels,  weighing  about  9  cwt.  The  greater  part  of  the  sand-bags  were  lifted  into 
the  gallery  in  the  same  manner  by  slings,  five  or  six  together. 

In  the  shafts  above,  the  tamping  consisted  merely  in  shovelling  down  the  stuff  that  had 
previously  been  drawn  up  and  piled  round  the  opening,  the  charges  not  being  sufficient  to  create 
apprehension  of  their  producing  any  effect  upwards,  the  line  of  least  resistance  in  that  direction 
being  40  ft. 

The  sand-bags  filled  with  dry  chalk,  free  from  any  particles  of  flint,  were  used  in  the  branches 
for  blocking  up  each  of  the  chambers,  and  extended  about  8  or  10  ft.  from  them,  so  as  to  prevent 
the  possibility  of  any  damp  reaching  the  powder  from  those  filled  with  wet  sand,  which  were  after- 
wards built  in  promiscuously  with  the  others. 

Large  blocks  were  built  across  at  intervals,  and  the  finer  stuff  thrown  in  behind  and  rammed 
sufficiently  to  make  a  tolerably  compact  mass,  the  wires  from  the  bursting  charges  being  secured 
from  injury  during  the  operation  by  the  manner  in  which  they  were  enclosed  in  the  grooves 
already  alluded  to. 

The  extent  of  the  tamping  is  shown  in  Figs.  1176,  1177,  and  occupied  from  18  to  20  men  for 
three  days,  as  also  12  men  for  one  night.  The  distance  from  the  crossing  of  the  branches  down 
the  gallery  to  the  spot  where  the  tamping  was  discontinued,  was  only  20  ft.  6  in.,  which,  though  not 
what  would  be  generally  considered  necessary  with  moderate  charges,  the  point  A  being  consider- 
ably less  than  the  length  of  the  line  of  least  resistance  from  the  centre  of  one  of  the  mines,  was 
thought  sufficient  ;  the  section  of  the  gallery  being  quite  insignificant,  when  the  enormous 
expansion  that  would  be  caused  by  the  explosion  of  the  two  charges  was  taken  into  account. 
The  result  proved  that  this  idea  was  correct  ;  indeed,  it  is  probable  that  the  effect  would  have 
been  the  same  if  the  main  gallery  had  been  left  entirely  open. 

In  the  branches  the  rate  of  progress  with  sand-bags  was  about  12  ft.  the  hour,  rather  more 
than  100  sand-bags  being  required  for  every  10  ft.  ;  they  were  passed  along  nearly  in  the  same 
manner  as  the  powder,  the  men  being  necessarily  placed  at  less  distances  apart,  and  the  branches 
lit  as  before,  by  the  tin  reflectors. 

With  loose  chalk,  the  rate  in  the  branches  was  7  to  8  ft.  an  hour,  equal  to  about  3\  cub.  yds., 
the  section  being  12J  superficial  ft. 

In  the  main  gallery  the  rate  of  progress  for  the  distance  tamped,  30  ft.  6  in.,  equal  to  30£  cub. 
yds.,  was  about  4  ft.  8  in.,  equal  to  4*7  cub.  yds.  an  hour. 

The  above  statement  of  the  number  of  men  employed  and  the  rates  of  progress,  includes  those 
working  at  the  derrick  and  passing  the  sand-bags  and  chalk  up  to  the  party  at  work. 

In  passing  the  sand-bags  and  chalk  to  the  end  of  the  branches  from  the  entrance  chamber, 
from  20  to  24  men  were  required  ;  from  the  upper  recess,  which  was  also  used  as  a  depot  for 
these  materials,  12  men  were  found  sufficient  for  passing  on  the  sand-bags,  and  tamping. 

At  the  derrick  seven  men  were  employed — two  at  the  crab,  three  collecting  chalk  and  filling 
below,  and  two  emptying  the  basket  above,  which  was  in  this  manner  loaded  with  six  bnshelfl  pi 
chalk,  lifted  a  height  of  22  ft.,  and  returned  in  4£  minutes.  The  same  quantity  carried  up  the 
ladder  upon  men's  shoulders  in  half-bushel  baskets  occupied  about  six  minutes  with  the  same 
number  of  hands.  Another  advantage  in  favour  of  the  derrick  was,  that  there  was  no  difficulty 
in  continuing  the  work  for  the  whole  day  ;  whereas  the  men  could  not  have  stood  the  fatigue  oí 
carrying  the  baskets  up  the  steps  for  any  length  of  time. 

Description  of  the  Voltaic  Battery. — The  position  of  the  mines  above  and  below  is  shown  in 
Figs.  1182  to  1185.  The  position  of  the  battery  house,  that  is,  the  shed  where  the  voltaic  batteries 
were  placed,  and  to  which  the  conducting  wires  from  the  mines  led,  is  also  drawn  in  Fig.  1185. 

The  conducting  wires  from  the  large  mines  were  brought  up  the  face  of  the  cliff,  and  then  into 
the  battery  house. 
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Plan  of  large  Mines  below  and  Galleries  leading  to  them. 

The  wires  on  coming  from  the  entrance  of  the  gallerv  are  passed  up  the  face  of  the 
cliff,  and  are  represented  in  Fig.  1167  by  Nos.  2  and  4  wires. 


1183. 
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Nos.  2  and  4  wires  lead  to  the  charges  bolow.  Nos.  1  and  3  are  connected  with 
the  five  mines  above  through  the  interposition  of  the  mercnry  cups.  On  the  word  to 
make  ready,  Nos.  1  and  2  are  attached  to  one  pole  of  the  battery.  Nos.  3  and  4- being 
held  one  in  each  hand.  On  the  word  fire  lower  mines,  No.  4  is  connected  to  the  other 
pole  of  the  battery,  and  the  lower  mines  explode.  On  the  word  fire  upper  mines,  No.  3 
is  connected  to  same  pole  as  No.  4.  and  the  five  upper  ones  explode.  If  instantaneous 
explosion  of  all  mines  be  required,  Nos.  3  and  4  should  be  previously  tied  together,  and 
on  touching  the  other  pole  of  the  battery  all  the  mines  would  explode  simultaneously. 
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Plan  of  large  Mines  and  the  Galleries  leading  to  them. 


1185. 


It     was    originally    in-    jzjsa.ßs. 
tended   to   have    fired    the 
large   mines   below   simul- 
taneously by  one   battery, 
arranging    the    conducting 
wires    as    shown    in    Fig. 
1183,  that  is,  the  wire  pro- 
ceeding   from   the   battery 
was  to  have  been   carried 
directly   to,  and  connected 
with,  the  bursting  charge 
of  one  of  the  lower  mines  ; 
from    this,   again,    a    con- 
ducting wire  proceeded  to 
the  bursting  charge  of  the 
other,     which    again    was 
connected     by     the    same 
means  with  the  other  pole 
of  the  battery.     The  whole 
circuit  by  this  arrangement 
would  have  been  about  560 
yds.       Subsequent    experiments    have 
proved  that  it  would  have   been    suc- 
cessful.    When 'the  time  fixed  for  the 
explosion  drew  near,  doubts  were  ex- 
pressed in  influential  quarters  of  the 
safety  of  the  plan,  and  as,  from  want 
of  time,  there  was  no  means  of  proving 
its  practicability  by  a  sufficient  number 
of  experiments  to  remove  all  doubts,  it 
was  thought  advisable  to  adopt  the  old 
method  of  firing  each  lower  mine  by  a  se- 
parate battery  and  a  separate  set  of  wires. 

It  was  originally  intended  to  have 
fired  the  five  mines  above  by  the  ar- 
rangement shown  in  Figs.  1182,  1183. 
Two  mercury  cups  situated  in  a  con- 
venient position,  such  as  shown  in  Fig. 
1183,  had  each  to  receive  one  wire  from 
each  mine;  two  main  wires  proceeded 
from  these  cups  to  the  battery  house, 
one  from  each  cup. 

The  object  of  the  cups  in  this  case 
was  not  only  to  economize  wire,  but  to 
prevent  them  from  being  dragged  from 
the  hands  of  the  person  who  fired  them. 

This  method  was  also  abandoned  sub- 
sequently, having  the  means  of  firing 
each  mine  by  a  separate  battery,  as  will 
be  described  hereafter. 

There  were  three  voltaic  batteries 
available  for  the  Seaford  explosion.  The 
two  principal  ones  were  exactly  similar, 
being  both  after  Grove's  construction. 

Grove's  consisted  of  five  cells  each, 
and  by  reference  to  the  figures  the  de- 
scription will  be  better  understood,  Figs. 
1186  to  1188.  The  description  need  not 
extend  further  than  for  one  cell,  as  the  others  were  similar.  The  positive  metal  was  zinc,  and  the 
negative  platinum:  two  zinc  plates  9  in.  by  7  in.,  and  the  platinum  9  in.  by  0'  in.  Sulphuric  acid 
diluted  in  the  proportion  of  one  measure  of  acid  to  eight  of  water,  and  concentrated  nitric  acid, 
were  the  elements  for  generating  the  electricity.  The  zinc  plates  were  amalgamated,  and  placed 
in  a  porcelain  cell  with  the  diluted  sulphuric  acid  ;  between  the  two  plates  was  inserted  a  cell  of 
porous  earthenware  filled  with  nitric  acid,  and  in  this  was  immersed  the  platinum,  which  wad 
attached  to  a  bar  of  wood,  the  wood  being  rather  thicker  than  the  exterior  breadth  of  the  porous 
cell  ;  a  clamp  of  brass,  as  shown  in  the  enlarged  sketch,  firmly  received  the  two  zinc  plates,  and 
secured  them  against  the  wooden  bar  ;  the  connection  of  the  zinc  of  one  cell  to  the  platinum 
of  the  adjacent  one  being  made  by  slips  of  copper,  as  shown  in  Fig.  1188. 

This  form  of  battery  was  very  convenient,  as  it  could  be  charged  without  difficulty  and  be 
arranged  for  firing  by  two  people  in  ten  minutes  ;  and  those  in  the  habit  of  using  it  could  prepare 
it  in  six  or  seven  minutes.  It  was  also  a  very  constant  intensity  battery,  for  at  the  end  of  five  or 
six  hours,  which  was  the  longest  time  the  battery  was  ever  kept  in  action  here,  it  was  in  full 
strength.  The  same  acid  has  been  repeatedly  used  for  charging  the  battery  for  a  period  of  twenty 
hours,  with  simply  adding  a  little  water  to  the  sulphuric  acid  solution,  and  up  to  that  period  no 
diminution  in  its  strength  has  been  discovered. 


Plan  of  the  top  of  the  Cliff,  showing  Battery  House, 
and  the  situation  of  the  three  Mines  above,  and  also  the 
Conducting  Wires  leading  from  them,  as  well  as  the 
large  Mine  below  to  the  Battery  Shed. 
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Grove's  battery,  of  the  before-mentioned  size,  is  capable  of  firing  one  charge  at  a  distance  of 
600  yds.,  or  through  a  circuit  of  1200  yds.  ;  it  will  fire  two  charges  simultaneously,  arranging  them 
as  was  originally  proposed  for  the  larger  mines  at  Seaford,  through  a  circuit  of  1000  yds.,  the 
conducting  copper  wire  being  |  in.  in  diameter,  and  the  platinum  wire  in  the  bursting  charges 
§  in.  long. 

The  porous  earthenware  cells,  though  they  have  been  frequently  used,  are  as  good  as  at  first. 

The  method  of  preserving  them  (as  practised  here)  is,  after  the  battery  is  taken  to  pieces,  to 
soak  them  in  a  tub  of  water  for  half  an  hour,  thus  removing  most  of  the  nitric  acid  and  metallic 
salt  that  may  be  in  the  pores,  and  then  put  them  in  some  fresh  water  for  an  hour  or  so  longer  ;  the 
sulphate  of  zinc  being  soluble  in  water,  is  removed  by  this  means. 


1186. 
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Elevation  of  Clamp 


The  outer  porcelain  cells  may  be  made  of  gutta-percha,  which,  however,  though  answering 
every  purpose  and  not  being  fragile,  would  require  a  little  care  to  keep  them  free  from  strong 
nitric  acid  ;  the  dilute  solution  of  sulphuric  acid  used  has  no  eifect  on  them. 

This  battery  lia.s  many  advantages  :  its  connections  arc  very  simple,  and  easily  cleaned,  which 
are  very  essential  points  with  a  Grove's  battery,  for  the  nitric  acid  fumes  will  attack  brass,  copper, 
solder,  and  all  such  metals  as  are  within  the  range  of  its  influence.  It  is  very  constant  in  its  power 
on  different  days,  for  whatever  intensity  it  has  shown  on  one  occasion  may  always  be  confidently 
expected  from  it  on  another.  With  Daniell's  battery  this  is  not  the  case,  the  temperature  having 
a  great  eifect  upon  it,  and  the  ox-gullet  especially. 

The  third  voltaic  battery  was  of  Sniee's  construction  ;  it  was  in  charge  at  Portsmouth,  and, 
therefore,  was  made  use  of  for  firing  one  of  the  small  mines  above,  as  it  is  not  generally  adapted 
for  firing  charges  at  great  distances  :  it  will  not  be  necessary  to  describe  it  minutely.  The  positive 
metal  was  zinc-,  amalgamated  :  and  the  negative,  platinized  silver;  the  exciting  fluid  was  dilute 
sulphuric  acid,  one  measure  of  acid  to  eight  of  water  being  generally  used.  It  had  twelve  cells, 
and  was  very  easily  charged  for  use. 

The  conducting  wire  was  composed  of  three  strands  of  copper  wire,  -fa  in.  in  diameter,  twisted 
as  a  rope,  and  then  covered  with  tape,  and  a  solution  of  shellac  and  varnish  over  that  again.  The 
advantage  of  twisting  the  wire  thus  is.  that  it  is  less  liable  to  fracture,  and  is  more  flexible.  A 
single  strand  of  wire,  having  the  same  weight  the  yard,  would  convey  electricity  equally  well,  but 
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would  soon  get  hard  and  unmanageable  ;  it  is  very  apt  to  break  at  bendings,  and  so  break  the 
circuit  ;  twisted  rope  wire  has  a  better  chance,  for  one  or  even  two  strands  may  break,  and  the 
third  be  still  left  to  complete  the  circuit.  There  was  also  used  copper  wire  of  single  strand  ì  and 
i  in.  in  diameter. 

Bursting  Charges. — Those  for  the  large  mines  below  were  9  in.  long,  and  cylinders  2  in.  in 
diameter  ;  and  for  the  smaller  mines  about  6  in.  long.  They  were  lodged  in  the  middle  of  the 
mine,  and  connected  with  the  main  conducting  wire,  which  was  brought  through  a  piece  of  wood 
plaoed  across  the  entrance  of  the  chamber,  and  so  jammed  into  it  as  to  prevent  the  charges  being 
dragged  from  their  position. 

By  way  of  precaution,  two  charges  were  placed  in  each  large  mine,  and  connected  with  separate 
conducting  wires,  in  case  one  pair  might  be  damaged  in  tamping.  The  length  of  platinum  wire 
for  these  bursting  charges  was  different  for  those  in  each  mine,  one  being  f  in.  long,  and  the 
other  -f  in. 

It  was  doubtful,  at  the  time  when  these  charges  were  placed,  by  what  method  the  mines  would 
be  fired.  The  short  length  of  wire  had  been  found  quite  sufficient  for  exploding  charges,  and  it 
was  intended  to  have  used  that  if  both  mines  had  been  fired  by  one  battery  ;  but  as  subsequently 
each  mine  was  fired  by  a  separate  one,  the  bursting  charges  having  the  longer  wire  were  attached 
to  the  main  conducting  wires  at  the  mouth  of  the  gallery,  as  giving  a  larger  spark.  However, 
either  set  oí  charges  might  have  been  used  for  either  method  with  perfect  success. 

The  twisted  conducting  wire,  of  which  there  were  only  500  yds.  available,  was  kept  for  such 
parts  as  were  likely  to  come  under  the  observation  and  close  inspection  of  the  spectators;  for 
instance,  from  the  battery  house  to  the  edge  of  the  cliff,  and  to  the  top  of  the  three  shafts.  That 
down  the  face  of  the  cliff  and  the  shafts  was  the  single  strand  of  thick  wire  before  described,  and 
covered  with  coarse  canvas  and  pitch,  tempered  with  tallow  hastily  made  up.  From  the  mouth 
of  the  gallery  to  the  bursting  charges  below,  the  same  thick  wire  was  used  bare,  in  this  way  : — A 
piece  of  deal,  3  in.  broad,  had  two  plough  grooves  run  down  it,  in  which  one  wire  from  each 
bursting  charge  of  one  mine  was  placed,  and  a  fillet  nailed  over  it,  previously  tarred.  Another 
similar  piece  of  deal  had  the  other  wires  from  these  bursting  charges  fixed  in  it  ;  these  two  were 
kept  on  different  sides  of  the  branch,  and  brought  down  the  main  gallery  on  one  side.  The  same 
was  done  with  the  conducting  wires  from  the  other  mine,  which  were  brought  down  the  other  side 
of  the  main  gallery,  Fig.  1184. 

The  wires  proceeding  from  the  battery  house  were  passed  over  the  edge  of  the  cliff  through 
two  double  blocks,  that  were  run  out  on  two  poles.  The  poles  were  placed  about  10  ft.  apart,  on 
the  ground,  and  projected  over  sufficiently  to  enable  the  wires  to  clear  the  face  of  the  cliff.  One 
wire  from  each  mine  was  run  through  each  double  block  ;  thus  the  pair  belonging  to  each  mine 
were  kept  10  ft.  apart  down  the  face  to  the  entrance  gallery,  where  they  were  attached  by 
soldering  to  those  from  their  respective  bursting  charges  :  previous  to  soldering  on  these  wires  to 
those  leading  to  the  mines,  the  continuity  of  the  circuit  was  tested  by  a  galvanometer  ;  and  as 
every  one  was  complete,  the  charge  having  •§  in.  platinum  wire  was  selected  for  the  purpose  of 
firing.     One  Grove's  battery  was  devoted  to  each  large  mine. 

The  three  small  mines  above,  each  charged  with  600  lbs.  of  powder,  had  each  a  battery  to  fire 
them,  the  two  extreme  ones  by  the  two  Grove's,  and  the  centre  one  by  the  Smee's  already  alluded 
to.  The  wires  were  brought  from  the  shafts  into  the  battery  house.  The  arrangement  for  firing 
was  made  as  sketched  in  Figs.  1189  to  1191.  M,  M,  M,  M,  are  mercury  cups  into  which  the  poles 
of  the  Grove's  battery  were  plunged. 

The  operators  stood  with  their  backs  to  the  cliff,  facing  their  respective  batteries,  the  mercury 
cups  being  between  them  and  the  batteries. 

Wj  and  W2  represent  two  wires,  one  proceeding  from  one  large  mine  below,  and  the  small  one 
above  on  that  side.  W3  and  W4  represent  two  others,  one  proceeding  from  the  other  large  mine 
below,  and  the  small  one  on  the  side  above.    "W5  represents  the  wire  from  the  centre  mine  above. 

W,',  W2',  W3',  W4',  W5',  are  those  corresponding  to  W1 , 
"W2,  W3,  W4,  W5,  that  is,  leading  to  the  same  mines.  1189> 

The  orders  for  firing  the  mines  were  to  explode  the  g  rove 
large  ones  first,  and  when  it  was  known  that  they  had 
gone  off,  the  three  small  ones  were  to  be  fired.  On  the 
word  to  make  ready,  Wn  W2,  "W3,  W4,  were  inserted  in 
their  respective  mercury  cups,  as  shown  in  Figs.  1189  to 
1191;  and  W5  was  attached  to  the  binding-screw  of  one 
terminal  pole  of  the  Smee's  battery. 

TV/,  Wz',  were  held  by  the  officer  in  charge  of  thnt 
battery,  one  wire  in  each  hand.  W3',  W4',  were  similarly 
held  by  the  officer  over  that  battery,  and  W5  was  in 
Lieut.  Crossman's  charge. 

Captain  Frome  arranged  to  give  the  signal  thus: — "One,  two,  three,  fire"  and  "One,  two, 
three,  fire  ;"  the  first  fire  referring  to  the  large  mines  (when  the  wires  leading  to  those  were  to  hü 
plunged  into  the  other  mercury  cups),  and  the  second  fire  to  the  three  small  mines  (when  all  three 
officers  had  to  complete  the  circuits  corresponding  to  those).  At  the  first  word  fire,  tin:  to- 
mines exploded,  and  the  effect  produced  separated  the  cliff  behind  the  three  smaller  mi1 
quickly  as  to  drag  all  the  remaining  wires  out  of  the  window,  thus  preventing  the  upper  ones  from 
being  fired.  The  wire  W5,  attached  to  the  binding-screw  of  Smee's  battery,  pulled  it  over,  aud 
the  shock  made  the  other  batteries  jump  on  the  table,  mixing  and  spilling  the  acids. 

With  respect  to  the  plan  originally  proposed  for  firing  the  mines  below,  namely,  by  one  battery, 
and  placing  the  charges  in  one  continuous  circuit,  it  was  asserted  to  be  an  uncertain  method; 
because,  if  one  platina  wire  was  a  little  shorter  than  the  other,  the  short  one  would  fire  first,  and, 
thus  disconnecting  the  circuit,  would  prevent  the  other  from  exploding. 
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Subsequent  experiments  (as  has  been  before  stated)  have  proved  this  opinion  erroneous,  for  in 
all  trials  that  have  been  made  at  Portsmouth  oí  that  method  of  firing,  the  length  of  platina  wire 
was  always  judged  by  the  eye,  never  accurately  measured.  „_ 

But  a  safe  means  could  have  been  adopted  to  prevent 
even  this  contingency,  and  have  placed  beyond  possibility 
the  chance  of  only  one  charge  exploding.  The  diagram. 
Fig.  1192,  will  explain  it. 

°The  dotted  lines  represent  the  copper  conducting  wires 
leading  to  charges  C^  and  C2.  The  length  oí  platinum 
wire  in  C,  may  be  made  f  in.  long,  that  in  C2  f  in.  ;  and 
at  points  a  'and  b  connect  copper  wires  oí  the  same  thick- 
ness as  the  conducting  wires,  leading  towards  each  other,  but  not  approaching  nearer  than  1  in., 
and  this  interval  connected  by  soldering  on  a  platina  wire  1  in.  long,  between  the  two,  and  encasing 
it  in  wood  to  protect  it  from  possible'  fracture  in  the  tamping,  and  securing  it  from  all  strain. 
On  completeing  the  circuit  at  the  battery,  C^  would  fuse  before  C2,  being  J  in.  shorter,  but  the 
electric  circuit°through  C2  would  still  be  complete  by  the  aid  of  the  connections  a  b  ;  similari}*, 
02  must  fuse  before  the  platina  wire  at  a  b,  being  shorter  by  f  of  an  in.  ;  and  the  interval  between 
the  explosion  of  C,  and  C2  would  not  be  more  than  J  of  a  second  at  the  most;  indeed,  practically 
instantaneous. 

Application  of  Permanent  Magnets  to  the  Explosion  of  Mines  and  Submarine  Charges. — Electro-mag- 
netism and  magneto-electricity  may  be  explained  and  illustrated  as  follows  :  A  cell  of  DanielPs 
battery  is  represented  in  Fig  1193  ;  a  rod  of  zinc  A  B  is  placed  within  a  tube  C  D  of  porous  earthen- 


ware, the  vessel  E  F  being  of  copper.  The  porous  tube  C  D,  containing  the  zinc  rod  A  B,  is  filled 
with  a  mixture  of  one  part  sulphuric  acid  and  ten  parts  water  ;  the  space  between  the  earthenware 
tube  and  the  copper  cell  E  F  is  filled  with  a  saturated  solution  of  sulphate  of  copper;  this 
saturated  solution  is  prepared  by  pouring  boiling  water  on  a  superabundance  of  crystals  of 
sulphate  of  copper  and  stirring  them  ;  to  this  solution  one-tenth  acid  should  be  added.  A  binding- 
screw  H  establishes  metallic  contact  between  the  zinc  rod  A  B  and  one  end  of  a  wire,  the  metals 
being  clean  at  the  points  of  contact  ;  the  other  end  of  the  wire  is  brought  into  metallic  contact 
with  the  copper  cell  E  F  by  means  of  the  binding-screw  G  and  the  metal  support  I,  which  may 
be  either  of  brass  or  copper. 

In  the  coil  of  iusulated  copper  wire  at  20,  when  the  positive  galvanic  current  descends  and 
passes  in  a  right-handed  spiral  round  the  soft  iron  bar  N  S,  20,  the  iron  bar  becomes  an  electro- 
magnet, the  north  pole  N  on  the  right  of  the  observer.  The  bar  of  soft  iron  N  S  loses  its 
magnetism  or  becomes  demagnetized  the  instant  the  continuous  metallic  circuit  X,  20,  21,  V,  M  Z 
is  broken.  Suppose  the  wire  to  be  made  fast  to  two  metal  discs  L  and  N,  24,  which  do  not  touch, 
then  the  galvanic  current  will  not  circulate  as  the  continuous  metallic  contact  is  broken  ;  buttile 
instant  a  plug  of  metal,  touching  both  the  discs,  is  placed  in  the  hole  M,  the  galvanic  current 
circulates,  and  S  N,  20,  will  be  found  to  acquire  a  considerable  quantity  of  magnetism,  the  cell  19 
being  charged  and  arranged  as  before  directed.  But  as  soon  as  the  plug  M  is  withdrawn,  or  the 
metal  bar  Q,  23,  removed,  the  circuit  is  broken,  and  the  bar  S  N,  20,  loses  its  magnetism.  The 
bar  Q,  23,  establishes  metallic  contact  between  the  ends  P,  R,  of  the  wire.  It  must  be  observed  by 
those  who  are  not  acquainted  with  galvanic  electricity  and  technical  terms  that  positive  electricity  passes 
from  the  lower  part  of  the  zinc  rod  through  the  fluids  and  porous  pot  C  D,  to  the  copper  cover  E  F,  and 
then  continues  its  course  X,  4-,  20,  21,  22,  V,  23.  the  plug  M,  and  returns  to  the  upper  end  II  of  the  zinc 
bar.  The  electric  current  passes  from  the  zinc  to  the  copper  through  the  porous  pot  and  fluids, 
and  leaves  the  battery  by  the  wire  (which  may  be  of  immense  length)  attached  to  the  copper, 
passing  through'  any  apparatus  that  maintains  continuous  metallic  contact,  and  returning  to  the 
battery  by  the  wire  attached  to  the  end  of  the  zinc  which  is  not  immersed  in  the  fluid  ;  the  copper, 
although  the  negative  metal,  forms  in  this  case  the  positive  end  (  +  )  of  the  battery  ;  and  the  zinc, 
although  the  positive  metal,  forms  the  negative  end  (—).     A  piece  of  soft  iron,  21,  when  bent  in 
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the  form  of  a  horse-shoe,  round  the  horns  of  which  is  wound  spirally  a  length  of  well-insulated 
copper  wire,  acquires  a  considerable  quantity  of  magnetism  while  a  galvanic  current  is  passing 
through  the  wire  :  one  end  of  the  magnet  so  arranged  becomes  the  north  pole  and  the  other  the 
south,  if  the  spiral  be  wound  in  the  same  direction  throughout,  supposing  the  horse-shoe  to  be 
unbent  and  made  straight.  When  a  galvanic  current  circulates  round  the  horns  of  a  horse-shoe 
electro-magnet  21,  a  piece  of  soft  iron  K,  near  its  ends  or  poles,  will  be  raised  ;  but  as  soon  as  the 
plug  of  metal  M,  which  is  technically  termed  a  contact-peg,  is  removed,  the  electro-magnet  21 
becomes  demagnetized,  and  K  is  disengaged  or  allowed  to  fall.  Electro-magnets  of  the  form  21  have 
been  arranged  so  that  they  sustained  a  weight  nearly  equal  to  a  ton.  If  a  positive  galvanic 
current  passes  along  a  wire  in  the  neighbourhood  of  a  magnetic  needle  N  S,  22,. the  needle  will 
be  deflected,  and  will  take  a  position  n  s,  Fig.  1193,  at  nearly  right  angles  to  the  wire.  But  when 
the  circuit  is  broken  by  withdrawing  the  contact-peg  M,  or  by  removing  the  strip  of  metal  S,  23, 
the  magnetic  needle  will  return  to  its  original  position  N  S.  The  Danish  philosopher  Oersted, 
about  the  year  1820,  discovered  the  connection  between  galvanism  and  magnetism  ;  he  also  illus- 
trated his  discovery  by  many  phenomenal  developments.  In  applying  electro-magnetism  to  the 
business  of  telegraphy,  the  next  important  discovery  was  made  by  Steinheil,  who  found  that 
the  earth  might  be  used  to  make  up  half  the  circuit  of  a  galvanic  current  ;  for  if  a  number  of 
cells  like  19  be  combined,  so  that  the  battery  may  be  of  sufficient  strength,  the  discs  of  metal 
M,  N,  24,  Fig.  1193,  may  be  buried  in  the  earth  at  a  great  distance  apart,  and  yet  the  circuit  will 
be  complete   although   the  return  wire   is  dispensed  119i. 

with.  Faraday  found  by  experiment  that  the  con- 
verse phenomena  also  takes  place,  namely,  that  on 
inserting  a  permanent  magnet  N  S,  Fig.  1191,  into 
the  middle  of  a  helix  of  insulated  wire  A  Z,  a  current 
of  electricity  is  generated  in  the  circuit  of  wire  ABZ; 
the  direction  of  the  current  depending  upon  the  pole 
inserted  and  the  end  of  the  spiral  with  respect  to  the 
direction  of  its  windings. 

This  experiment  of  Faraday  has  been  much  over- 
rated, for,  when  Oersted  had  discovered  that  an  elec- 
tric current  produced  a  magnet,  it  required  but  little 
analytical  skill  to  observe  that  the  converse  phenomena 
takes  place,  namely,  that  a  magnet  would  produce  an 
electric  current. 

Many  vague  conjectures  and  absurd  theories  were  entertained  about  the  mechanical  action  of 

F 
the  galvanic  and  electro-magnetic  currents  until  Ohm,  a  German  physicist,  proved  that  I  =  ==  » 

in  which  F  =  the  electric  motive  force,  W  =  the  resistance,  and  I  =  the  intensity.  Faraday  proved 
experimentally  that  Q  =  si,  Q  being  the  quantity  of  electricity  conveyed  by  the  current,  I  the 
intensity,  and  s  —  the  time  during  which  the  current  circulates.  Dr.  Joule  asserts,  following  out 
the  ideas  of  Dr.  Mayer,  that  U  —  I2  W  s  ;  in  which  U  =  units  of  work.  However,  the  proofs  by 
which  our  present  mechanical  equivalent  of  heat  has  been  established  are  far  from  being  satis- 
factory. This  experimental  proposition  of  Mayer  and  its  converse  may  or  may  not  be  true.  The 
proofs  given  by  Professor  Tyndall  and  Dr.  Joule  are  not  conclusive.  Many  forms  of  battery,  a 
variety  of  mechanical  contrivances,  and  numerous  formulas,  have  been  employed  in  the  business  of 
telegraphy,  the  most  useful  of  which  we  give  elsewhere,  in  order  of  merit.  But  those  develop- 
ments, except  the  local  battery  of  Morse,  are  of  a  very  second-rate  character  compared  with  those 
we  have  enumerated. 

To  illustrate  what  we  have  stated  with  respect  to  the  electro-magnet,  we  will  explain  the 
simple  principle  upon  which  W.  Siemens  constructed  one  of  his  first  telegraphs.  Suppose  A  J, 
Fig.  1195,  to  be  a  piece  of  soft  iron,  inne 

supported  on  an  axis  C  at  one  end, 
and  lifted  by  a  spring  F  in  the  middle, 
so  as  to  press  A  J  upwards  against  the 
metallic  contact-screw  D.  Let  the  posi- 
tive pole  of  the  battery  B  be  connected 
by  a  wire  e  with  one  end  of  the  wire- 
coil  of  an  electro-magnet  M  M,  the 
other  end  of  the  coil  being  connected 
with  the  contact-screw  D,  by  a  wire 
e'  ;  while  a  third  wire  e"  completes  the 
circuit  ;  e"  connects  the  negative  pole 
of  the  battery  with  C  the  axis  of  the 
piece  of  soft  iron  or  armature  A  J. 
When  the  circuit  is  complete,  the  cur- 
rent circulates  in  the  coils  of  the  elec- 
tro-magnet M  M,  magnetizes  them,  and 
causes  the  soft  iron  lever  A  J  to  be 
attracted  to  the  poles;  this  operation 
breaks  the  metallic  contact  between 
the  lever  C  J  and  the  contact-pin  D. 
When  this  occurs,  the  galvanic  current 
ceases  to  circulate  in  the  coils  of  M  M, 
the  soft  iron  cores  of  which  become  demagnetized,  and  have  no  longer  the  power  to  retnin  C  J. 
which  is  therefore  lifted  by  the  spring  F.     But  then  contact  is  again  established  between  \)  and 
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C  J,  and  the  galvanic  circuit  again  completed.  So  that  when  the  apparatus  is  properly  adjusted, 
the  soft  iron  lever  A  J  will  continue  to  move  up  and  down  as  long  as  the  battery  and  the 
mechanical  arrangement  remain  in  working  order.  One  galvanic  circuit  may  be  arranged  to  give 
motion  to  two  or  more  such  levers  as  A  J  at  the  same  time,  which  motions  may  be  applied  to 
move  pointers  on  dial-plates  and  convey  telegraphic  messages. 

Magnetism,  or  the  property  of  permanent  polarity,  was  formerly  supposed  to  belong  to  iron 
only.  Later  researches  show  that  this  is  to  be  shared,  though  not  equally,  with  nickel,  cobalt,  and 
chromium.  Occasional  magnetism  may  be  excited  in  most  substances,  as  is  shown  by  their 
influencing  the  oscillations  of  a  freely-suspended  magnetic  needle.  But  this  influence  is  much 
weaker  in  all  other  substances  than  in  the  four  which  we  have  named.  Silver,  which  stands  the 
highest  of  all  the  other  metals,  is  nine  times  feebler  in  this  respect  than  iron  ;  gold  fifteen  times, 
and  marble  nearly  twenty  times  more  weak.  Iron  acquires  magnetism  by  contact  or  suitable 
friction  with  a  magnet,  by  being  suitably  rubbed  or  struck  in  a  proper  position,  by  exposure  to 
refracted  light  of  the- sun,  and  even  by  being  left  to  stand  in  a  nearly  vertical  position.  Here  it  is 
enough  to  say  that,  owing  to  the  ease  with  which  it  is  accidentally  developed,  it  is  extremely 
difficult  to  find  in  the  shop  of  a  philosophical  instrument  maker,  for  instance,  a  tool  or  strip  of 
iron  which  is  not  in  some  degree  magnetic.  In  all  its  conditions  and  states  it  is  susceptible  of  this 
property,  but  develops  it  differently  in  each.  Thus,  grey  crude  iron  becomes  sooner  and  more 
intensely  magnetic  than  white  iron,  but  yields  in  both  these  regards  to  wrought  iron  and  steel. 
Soft  ductile  iron  is  more  easily  and  more  strongly  magnetizable  than  steel,  but  does  not  retain  its 
magnetism  as  well.  A  similar  relation  is  observable  between  untempered  and  tempered  steel. 
The  magnetism  of  iron  may  be  weakened  or  lost  by  methods  similar  to  those  which  originally 
impressed  it.  The  filings  of  a  magnet  are  less  magnetic  than  the  solid  mass.  A  heavy  sudden 
blow  or  shock  against  a  hard  body  will  sometimes  destroy  magnetism.  Heat  always  diminishes  it  ; 
although  there  are  some  peculiarities  which  have  been  observed  in  this  regard  that  are  difficult  of 
explanation.  It  undergoes  deterioration  whenever  similar  poles  of  two  equally  strong  magnets  are 
kept  in  prolonged  contact  ;  and,  finally,  is  always  abated  by  alloying  with  other  substances,  and 
may  be  destroyed  entirely  by  increasing  the  proportion  of  alloy.  Arsenic  is,  in  this  respect,  the 
most  active  of  the  metals,  though  an  alloy  of  two-thirds  arsenic  does  not  entirely  prevent  the  mass 
from  being  attracted  by  the  needle.  Mushet,  however,  affirms  that  22  per  cent,  of  manganese 
effectually  destroys  magnetism  in  an  alloy  of  iron.  Malleable  iron  is  an  excellent  conductor  of 
electricity  ;  and  although  in  this  respect  inferior  to  copper  and  zinc  among  the  easily  oxidized 
metals,  and  to  gold,  silver,  and  platinum  among  the  others,  it  is  yet,  for  economy,  universally 
employed  for  telegraphic  purposes  and  for  lightning-rods.  In  the  voltaic  pile  it  follows  zinc  in 
the  order  of  electro-positive  metals.  The  electro-magnetic  properties  of  iron  are  very  remarkable, 
in  the  facility  with  which  it  is  converted  into  a  magnet  of  great  energy  during  the  passage 
through  it  of  a  galvanic  or  electric  current.  It  is  on  this  that  the  electro-magnetic  telegraph  owes, 
in  part,  its  adaptation  and  success. 

The  ignition  of  gunpowder  by  the  direct  magneto-electric  current,  though  well  known  to  be 
practicable,  had,  in  1861,  never  been  applied  to  military  or  industrial  operations  in  England,  and  no 
satisfactory  experiments  showing  its  practical  applicability  to  these  purposes  had  been  published. 

In  the  first  experiments  of  Abel  and  Wheatstone  a  powerful  magneto-electric  machine  con- 
structed by  Henley  was  used. 

A  few  trials  sufficed  to  show  that,  even  with  this  instrument,  gunpowder  itself  could  not  be 
ignited  with  any  degree  of  certainty.  Eesults  obtained  with  Statham's  and  other  fuzes,  though 
superior  to  those  furnished  by  gunpowder  alone,  were  still  far  from  satisfactory. 

The  first  experiments  were,  therefore,  directed  to  the  discovery  of  a  suitable  agent  to  serve  as 
a  perfectly  certain  medium  or  priming  material  for  effecting  the  ignition  of  charges  by  means  of 
the  magneto-electric  machine.  For  this  purpose  a  variety  of  compositions  of  a  more  or  less  sensi- 
tive character  were  prepared  for  trial  with  the  magnet. 

Many  of  these  compositions  furnished  results  to  a  certain  extent  favourable;  a  number  of  fuzes, 
primed  with  them,  having  been  fired  in  succession  with  the  magnet,  and  from  two  to  four  charges 
in  one  circuit  having  been  ignited  in  a  very  few  instances.  But  no  perfect  certainty  of  discharge 
was  attained  with  any  one  of  the  materials,  the  attempt  to  fire  a  fuze  being  frequently  unsuccessful  ; 
while  no  difference  between  it  and  a  successful  fuze  containing  the  same  composition  could  be 
detected  by  careful  examination. 

These  preliminary  trials,  however,  established  the  fact  that  the  sensitiveness  or  ready  explo- 
siveness,  of  a  priming  material  was  not  alone  sufficient  to  determine  its  success,  but  that  those 
which  possessed  a  certain,  though  not  too  considerable,  degree  of  conducting  power,  were  more 
readily  and  certainly  ignited  than  others  of  a  far  more  sensitive  character. 

Some  successful  results  obtained  accidentally  with  one  of  the  experimental  compositions,  which 
had  become  damp  by  exposure  to  the  air,  led  to  a  trial  of  the  effect  of  moisture  in  promoting  the 
ignition  of  but  slightly  sensitive  compositions;  and  it  was  ultimately  found  that  the  impregnation 
of  ordinary  gunpowder  with  a  small  amount  of  moisture,  by  an  expedient  similar  in  principle  to  one 
adopted  with  considerable  success  by  Capt.  H.  Scott,  in  connection  with  charges  to  be  fired  by  the 
induction-coil  machine,  rendered  its'ignition  by  menus  of  the  magnet  a  matter  of  certainty. 

Some  important  precautions  were,  however,  indispensable  to  the  attainment  of  this  definite 
result.  If  the  slightly  damp  powder  were  employed  in  a  finely  divided  condition,  it  very  fre- 
quently became  caked  between  the  wire  terminals  in  the  fuze,  and  the  current  would  then  pass 
through  the  composition  without  igniting  it.  This  was  found  to  take  place  occasionally,  even  when 
the  powder  was  employed  in  its  original  granular  condition.  Several  attempts  were  made  to 
overcome  this  difficulty  by  modifying  the  form  and  position  of  the  terminals  ;  and  an  arrangement 
of  a  completely  successful  nature  wTas  eventually  contrived,  in  which  only  the  sectional  surfaces  of 
the  extremities  of  the  terminals,  which  consisted  of  fine  copper  wire,  Txïï  in.  diameter,  were  exposed 
in  the  interior  of  the  fuze  so  as  not  to  project  at  all.     The  prepared  gunpowder,  therefore,  simply 
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rested  upon  the  surfaces,  and  a  perfect  uniformity  in  the  action  of  the  fuze  was  attained  The 
priming  composition  consisted  of  fine-grain  gunpowder,  which  had  been  soaked  in  an  alcoholic 
solution  of  chloride  of  calcium,  of  a  strength  sufhcient  to  impregnate  the  grains  with  from  1  to  2 
per  cent,  of  that  salt.  The  prepared  powder  was  exposed  to  the  air  for  a  short  time,  to  permit  of 
a  sufficient  absorption  of  moisture  by  the  deliquescent  salt. 

upwards  of  500  quill  fuzes,  of  the  description  employed  for  firing  guns,  primed  with  the  pre- 
pared gunpowder  and  fitted  with  the  arrangement  of  the  terminals  above  referred  to  were  fired 
with  the  large  lever-magnet.  The  failures  did  not  amount  to  more  than  3  per  cent',  and  were 
all  proved  to  be  due  to  defective  manufacture. 

This  fuze  was  found  to  be  easy  of  manufacture  and  permanently  effective.  While,  however,  it 
presented  a  certain  means  of  effecting  the  ignition,  by  the  aid  of  a  powerful  magnet,  of  single 
charges,  or  of  a  large  number  to  be  fired  in  moderately  rapid  succession,  it  was  inapplicable  to  the 
ignition,  with  certainty,  of  more  than  one  charge  in  circuit. 

A  new  description  of  priming  material  for  the  fuze  was  prepared  soon  afterwards,  which  greatly 
exceeded  m  sensitiveness  any  of  the  other  compositions  hitherto  tried.  A  very  gradual  separation 
of  the  armature  from  the  large  magnet  sufficed  to  effect  the  ignition  of  the  fuzes  primed  with  this 
material,  and  the  induced  current  obtained  by  means  of  a  very  small  magnet,  with  a  rotatory 
armature,  such  as  that  employed  in  Wheatstone's  magneto-electric  telegraph,  was  sufficiently 
powerful  to  produce  the  same  result. 

The  fuze-head,  which  is  of  box-wood,  contains  three  perforations,  Figs.  1196  to  1198  •  the  one 
passing  downwards  through  the  centre  receives  about  2  in.  of  double  insulated  wire  a  a  Fi°-s  1199 
1200,  two  copper  wires  of  24-gauge,  0-022  in.  diameter,  enclosed  side  by  side,  at  a' distance  of 


1197. 


1200. 
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J-g-  in.,  in  a  coating  of  gutta-percha  of  \  in.  diameter  ;  the  other  two  perforations,  which  are  parallel 
to  each  other  on  each  side  of  the  central  one,  and  at  right  angles  to  it,  serve  for  the  reception  of 
the  circuit  wires.  The  arrangement  for  securing  the  connection  of  these  with  the  insulated  wires 
in  the  fuzes  is  as  follows:  ■ — 

The  piece  of  double  covered  wire  above  referred  to  is  originally  of  a  sufficient  length  to  allow 
of  the  gutta-percha  being  removed  from  about  If  in.  of  the  wires.  These  bare  ends  of  the  fine 
wires,  which  are  made  to  protrude  from  the  top  of  the  fuze-head,  are  then  pressed  into  slight 
grooves  in  the  wood,  provided  for  their  protection,  and  the  extremity  of  each  is  passed  into  one  of 
the  horizontal  perforations  in  the  head,  in  which  position  it  is  afterwards  19nl 

fixed  by  the  introduction  into  the  hole  of  a  tightly-fitting  piece  of  copper 
tube,  so  that  the  wire  is  firmly  wedged  between  the  wood  and  the 
exterior  of  this  tube,  and  is  thus  at  the  same  time  brought  into  close 
contact  with  a  comparatively  large  surface  of  metal.  It  will  be  seen  that 
it  is  only  necessary  to  fix  one  of  the  circuit  wires  into  each  of  these  tubes, 
in  the  opposite  sides  of  the  fuze-head,  in  order  to  ensure  a  sufficient  and 
perfectly  distinct  connection  of  each  one  of  them  with  one  of  the  insulated 
wires  in  the  fuze. 

The  extremity  of  the  double  covered  wire,  which  protrudes  to  a 
distance  of  about  f  of  an  in.  from  the  bottom  of  the  fuze-head,  is  pro- 
vided with  a  clean  sectional  surface  by  being  cut  with  a  pair  of  sharp 
scissors,  care  being  taken  that  the  extremities  of  the  fine  copper  wires  are 
not  pressed  into  contact  by  this  operation. 

A  small  cap  of  about  £  an  in.  in  length  is  then  constructed  of  thick 
tin-foil,  Figs.  1199,  1201,  into  which  is  dropped  about  1  grain  of  the 
priming  material.  The  double  wire  is  then  inserted,  and  pressed  firmly 
down  into  the  cap,  so  that  the  explosive  mixture  is  slightly  compressed 
and  in  close  contact  with  the  surfaces  of  the  wire  terminals. 

The  cap  is  fixed  by  winding  a  piece  of  tv  ine  once  or  twice  round 
its  upper  part,  tightening  the  ends  of  this,  and  then  removing  it.  The 
actual  fuze  is  then  ready  for  enclosure  in  a  small  charge  of  gunpowder, 
Figs.  1202,  1203.  The  powder  is  contained  in  a  paper  case  tied  on  to 
the  head,  or  in  a  cylinder  of  sheet  tin,  tightly  fitting  on  the  fuze-head 
at  one  end  ;  the  other,  after  the  introduction  of  the  powder,  being  closed  with  a  plug  of  clay  or 
plaster  of  Paris. 

It  is  advisable  to  have  the  fuzes  ready  fitted  with  pieces  of  insulated  wire  about  2  ft. 
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in  length,  twisted  together  as  shown  in  Fig.  1205.  The  ends  of  the  wires,  after  they  are  passed 
through  the  connecting  holes  in  the  fuze-head,  should  be  tightly  fixed  in  their  position  by  the 
introduction  of  a  short  piece  of  copper  wire 

The  phosphide  of  copper  fuze  for  firing  cannon,  Fig.  1204, 
differs  slightly  in  its  construction  from  the  mining  fuze.  The 
fuze-head  is  longer  than  in  the  latter,  and  of  such  a  form  that  the 
double  covered  wires,  which  are  fitted  into  it  in  the  manner 
already  described,  are  completely  enclosed  in  it,  the  lower  ex- 
tremity of  its  central  perforation  still  remaining  free  to  receive 
the  top  of  the  quill  or  copper  tube  charged  with  powder,  like 
the  ordinary  tube  arrangement  for  firing  cannon. 

The  priming  material  contained  in  the  fuze  is  prepared  by 
reducing  separately  to  the  finest  possible  state  of  division  the 
sub-phosphide  of  copper,  sub-sulphide  of  copper,  and  chlorate  of 
potassa,  and  then  mixing  these  powdered  substances  very  inti- 
mately, in  the  proportions  of  10  parts  of  the  first,  45  of  the 
second,  and  15  parts  of  the  third,  by  rubbing  them  well  together 
in  a  mortar,  with  the  addition  of  sufficient  alcohol  to  thoroughly 
moisten  the  mass.  The  mixture  is  afterwards  carefully  dried,  and 
may  be  safely  preserved  in  closed  vessels  until  required. 

In  the  experiments  subsequently  carried  on  with  fuzes  which 
contained  this  composition,  it  was  found  that  a  slight  residue,  con- 
sisting principally  of  the  coke  employed,  occasionally  remained  on  the  surfaces 
of  the  terminals  in  the  fuze  after  its  discharge,  and,  by  forming  a  good  con- 
ducting link  between  them,  interfered  with  any  further  effects  of  the  magnetic 
current  in  other  directions,  by  the  establishment  of  a  complete  circuit. 

The  obstacle  to  the  complete  success  of  the  composition  was  entirely  re- 
moved by  the  substitution  of  another  material,  more  easily  acted  on  by  the 
chlorate  of  potassa  than  the  coke,  and  answering  equally  well  with  the  latter 
as  a  conducting  medium,  namely,  the  sub-sulphide  of  copper. 

No  instance  has  occurred  in  the  discharge  of  several  thousand  fuzes, 
primed  with  the  mixture  of  sub-phosphide  and  sub-sulphide  of  copper  with 
chlorate  of  potassa,  in  which  the  terminals  have  not  been  found  quite  free 
from  adherent  residue  after  the  ignition. 

The  sub-phosphide  of  copper,  which  is  produced  at  an  elevated  tempera- 
ture, is  a  compound  of  very  stable  character,  and  the  mixture  of  the  three 
constituents  is  quite  as  unalterable  as  the  explosive  mixtures  which  are  in 
general  use  for  the  preparation  of  percussion  caps,  and  so  on.  The  stability 
of  the  mixture  has  been  submitted  to  very  satisfactory  tests.  Fuzes  primed 
with  it  have  lost  none  of  their  delicacy  and  certainty  when  tried  more  than 
two  years  after  preparation.     See  Atomic  Weights,  p.  195. 

The  sub-phosphide  of  copper,  intimately  blended  with  chlorate  of  potassa, 
forms  a  mixture  in  a  high  degree  sensitive  to  the  effect  of  heat,  and  possessed 
at  the  same  time  of  some  power  of  conducting  electricity.  With  the  employ- 
ment, however,  of  magneto-electric  machines  of  comparatively  low  power, 
and  in  cases  where  the  resistance  to  be  overcome  by  the  current  is  considerable,  this  conducting 
property  is  not  sufficient  to  ensure  the  ignition  of  the  mixture  by  assisting  the  passage  of  the 
current  across  the  interruption  in  the  metallic  circuit — across  the  small  distance  between  the  ter- 
minals of  the  wires  in  the  fuze.  It  must  be  borne  in  mind  that  the  striking  distance,  or  the  space 
between  the  terminals,  across  which  the  current  from  even  a  powerful  magneto-electric  machine  will 
leap,  is  very  small.  With  the  large  lever-magnet  the  spark  could  only  be  produced  when  the  wires 
were  almost  in  contact.  Since,  however,  it  is  indispensable  to  the  proper  insulation  of  the  wires  in  the 
fuze  arrangement  that  the  terminals  should  be  at  least  -jL-  of  an  in.  apart,  it  will  be  readily  under- 
stood how  essential  to  success  in  operations  with  these  machines  it  is  that  the  priming  material 
should  possess  considerable  conducting  power.  Hence  the  necessity  of  increasing  the  conducting 
power  of  the  mixture  of  sub-phosphide  of  copper  and  chlorate  of  potassa:  a  result  which  it  has 
been  already  stated  was  attained  in  the  first  instance  by  the  employment  of  finely  powdered  coke, 
and  afterwards  by  the  substitution  of  sub-sulphide  of  copper  for  that  substance. 

Many  experiments  were  of  course  required  to  determine  the  proportions  in  which  it  was  advisable 
to  employ  the  conducting  constituent,  so  as  to  facilitate  the  passage  of  the  current  through  the 
mass  as  far  as  possible,  without  interfering  too  much  with  the  sensitiveness  of  the  explosive 
mixture,  or  producing  an  almost  perfectly  continuous  connection  between  the  two  poles  in  the 
fuze,  and  thus  promoting  the  passage  of  the  current  so  greatly  as  to  prevent  the  ignition  of  the 
composition. 

Considerable  difficulties  wore  encountered  in  the  endeavours  properly  to  balance  these  conditions, 
when  attempts  were  made,  which  will  presently  he  mentioned,  to  apply  the  mixture  in  question  to 
the  ignition  of  several  charges  in  circuit.  The  increase  in  the  resistance  of  the  current,  consequent, 
on  the  introduction  of  more  than  one  interruption  in  the  metallic  circuit,  necessitated  an  increase 
in  the  conducting  power  of  the  mixture,  which  it  was  difficult  to  attain,  unless  at  a  considerable 
sacrifice  of  the  sensitiveness  of  the  composition. 

it  was  consequently  found  that  when  the  proper  conditions  had  been  attained  for  ensuring  the 
passage  of  the  current  through  several — five  or  six — fuzes  in  circuit,  the  absolute  certainty  of  the 
fuze,  when  applied  in  this  manner,  had  been  sacrificed.  Thus,  out  of  several  fuzes  tried  together, 
which  had  been  most  carefully  prepared,  so  as  to  he  as  far  as  possible  perfectly  alike,  the  current 
would  ignite  a  few,  passing  through  the  others  without  affecting  them,  and  would  thus  point  to 
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minute  differences  in  the  conducting  powers  and  sensitiveness  of  different  portions  of  one  and  the 
same  quantity  of  the  mixture,  which  was  prepared  in  such  a  way  as  to  ensure  the  greatest  possible 
uniformity. 

The  results  of  many  experiments  established  the  fact,  that  the  proportions  of  ingredients  already 
referred  to  furnished  a  mixture  possessed  of  the  highest  conducting  power  attainable  without 
detriment  to  the  sensitiveness  or  ready  explosiveness  of  the  material.  The  certainty  of  its  action 
when  applied  in  the  fuze,  to  the  explosion  of  a  single  charge,  by  employing  a  permanent  magnet 
instead  of  a  battery  to  establish  the  current,  has  been  proved  by  the  ignition  of  several  fuzes 
without  failure.    See  Figs.  1193,  1194. 

Experiments,  made  with  the  aid  of  this  composition,  established  the  fact  that  the  current 
obtained  by  means  even  of  a  very  powerful  permanent  magnet,  when  applied  to  the  ignition  of 
several  charges  arranged  in  succession  in  one  circuit,  is  very  limited  in  its  powers.  In  illustration 
of  this  it  may  be  stated  that,  on  trial  being  made  of  twenty-one  consecutive  sets  of  four  charges 
eighteen  of  the  sets  were  perfectly  discharged  ■  but,  in  the  other  three  sets,  only  two  or  three  of 
the  charges  were  ignited.  Out  of  five  sets,  of  five  charges  each,  only  two  sets  were  completely 
discharged  ;  and  in  several  attempts  made  to  ignite  six  fuzes  in  one  circuit,  only  four  were  fired 
in  each  case.  In  all  these  experiments,  when  charges  had  escaped  ignition,  the  current  had  passed 
through  the  sensitive  composition  without  firing  it.  When  the  discharged  fuzes  were  removed, 
and  the  remaining  ones  properly  connected,  they  were  all  fired. 

It  has  been  already  stated  that  no  beneficial  effects  were  attained  by  modifying  the  pro- 
portions or  ingredients  in  the  priming  composition,  so  as  to  diminish  or  increase  its  conducting 
power. 

Three  charges  were  therefore  the  most  that  could  be  ignited  with  certainty  by  means  of  a 
powerful  electro-magnetic  machine,  when  they  were  arranged  in  succession  in  simple  circuit. 

The  plan,  originally  suggested  by  M.  Savare,  of  arranging  the  charges  in  divided  circuits,  was 
next  tried,  and  furnished  far  more  successful  results.  The  simultaneous  ignition  of  twenty-five 
charges  was  repeatedly  effected  by  means  of  the  large  magnet,  each  charge  being  connected  with  a 
separate  branch  attached  to  the  main  line,  which  led  from  one  pole  of  the  magnet,  and  their 
connection  with  the  earth  established  by  means  of  uncovered  copper  wire,  the  extremity  of  which 
was  wound  round  an  iron  stake  driven  into  the  ground. 

A  still  larger  number  of  charges  (forty)  was  similarly  exploded  on  several  occasions. 

These  results  were  all  obtained  with  the  large  magnet,  the  current  being  established  by  rapidly 
separating  the  armature  from  the  poles  by  means  of  a  lever.  By  a  simple  arrangement  foi*  shifting 
the  connection  of  the  main  wire  with  the  exploded  charges,  from  them  to  a  second  series,  similarly 
arranged,  twenty-five  were  also  simultaneously  ignited,  on  allowing  the  armature  to  return  to  the 
poles  of  the  magnet.  It  was  found,  moreover,  that  the  same  number  could  be  fired  by  means  of 
this  magnet,  even  if  two  folds  of  thick  brown  paper  were  interposed  between  the  poles  and  the 
armature,  so  that  on  depression  of  the  lever  the  armature  had  no  longer  to  be  forcibly  detached,  but 
simply  to  be  removed  from  the  magnet. 

These  successful  results  led  to  trials  of  magneto-electric  machines  of  comparatively  small  size, 
with  revolving  armatures.  In  the  employment  of  these  machines,  it  was  of  course  not  expected 
that  any  single  induced  current  obtained  from  them  should  distribute  itself  among  a  number  of 
fuzes  placed  in  divided  circuit,  as  was  the  case  with  the  comparatively  much  more  powerful  current 
obtained  with  the  large  magnet  ;  but  it  was  hoped  that  the  very  rapid  succession  of  currents  fur- 
nished by  them  would  produce  a  very  similar  result,  by  distributing  themselves  over  the  different 
branches  of  the  circuit  with  which  the  fuzes  were  connected,  and  that  the  ignition  of  the  whole  of 
the  fuzes,  though  it  could  not  be  so  positively  instantaneous  as  when  the  one  current  was  discharging 
the  entire  number,  might  yet  be  effected  with  such  rapidity  as  practically  to  amount  to  a  simul- 
taneous discharge. 

The  results  obtained  fully  confirm  these  expectations.  With  a  small  horse-shoe  magnet,  7  in. 
in  length,  1  in.  in  breadth,  and  If  m.  in  thickness,  provided  with  a  revolving  armature  and 
multiplying  wheels,  by  which  great  rapidity  of  motion  could  be  attained,  twenty-five  charges  were 
fired  ;  the  effect  of  the  discharge  on  the  ear  was,  however,  not  like  that  of  one  single  explosion,  as 
was  the  case  in  the  former  experiments,  but  like  that  of  an  exceedingly  rapid  volley,  in  which  the 
explosion  of  any  single  charge  could  not  be  distinguished. 

Still  more  favourable  results  were  obtained  with  a  very  compact  arrangement  of  six  magnets, 
each  about  half  the  size  of  the  above,  devised  by  C.  Wheatstone,  for  the  production  of  an  extremely 
rapid  succession  of  currents,  established  in  such  a  manner  that  the  effect  would  be  almost  equal  to 
a  continuous  current. 

It  consisted  of  six  small  magnets,  to  the  poles  of  which  were  fixed  soft  iron  bars  surrounded  by 
coils  of  insulated  wire.  The  coils  of  all  the  magnets  were  united  together,  so  as  to  form,  with  tin- 
external  conducting  wire  and  the  earth,  a  single  circuit  An  axis  carried  six  soft  iron  armatures 
in  succession  before  each  of  the  coils.  By  this  arrangement  two  advantages  were  gained  ;  all  the 
magnets  simultaneously  charged  the  wire,  and  produced  the  effect  of  a  single  magnet  of  more  than 
six  times  the  dimensions,  and  at  the  same  time  six  shocks  or  currents  were  generated  during  a 
single  revolution  of  the  axis,  so  that,  when  aided  by  a  multiplying  motion  applied  to  the  axis, 
a  very  rapid  succession  of  powerful  currents  was  produced.  A  single  largo  magnet  with  a  rotating 
armature  could  not  be  made  to  produce  the  same  succession  of  currents  without  the  application  of 
considerable  mechanical  power.  Another  peculiarity  of  this  apparatus  was  that  the  coila  were 
stationary,  and  the  soft  armatures  alone  were  in  motion;  by  this  disposition  the  circuit  during  the 
action  of  the  machine  was  never  broken.  In  the  usual  magneto-electric  machines  with  rotating 
armatures  the  circuit  is  necessarily  broken  twice  during  every  revolution,  and  this  frequently  gives 
rise  to  irregularities  in  the  production  of  the  currents.  By  the  construction  adopted,  the  currents 
can  never  fail  to  traverse  the  circuit.  It  must  be  borne  in  mind  that  our  account  of  this  investi- 
gation is  taken,  with  some  alterations,  from  an  inflated  report  to  the  Secretary  of  State  for  War, 
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by  Wheatstono  find  Abel.  Such  documents  are  generally  cooked  up.  See  '  Professional  Papers 
of  the  C.R.E.,'  vol.  x. 

The  total  weight  of  the  instrument,  enclosed  in  a  case,  was  32  lbs.  11  oz.  It  was  enclosed  for 
transport  in  a  small  packing-case,  weighing  about  7  lbs. 

The  system  of  firing  charges  by  means  of  magneto- electricity,  with  the  aid  of  the  phosphide  of 
copper  fuze,  having  been  thus  far  successfully  developed,  a  series  of  experiments  was  instituted  on 
it  at  Chatham,  for  the  purpose  of  thoroughly  testing  its  certainty  and  applicability  in  the  field,  and 
subsequently  for  ascertaining  the  extent  to  which  it  admitted  of  application  to  the  explosion  of 
submarine  charges.  These  experiments  extended  over  a  period  of  six  months,  and  were  performed 
under  various  conditions  of  weather. 

The  magnetic  apparatus  employed  in  all  the  field  experiments  was  so  arranged  that  the  whole 
apparatus  was  enclosed  in  a  box,  the  only  exposed  portions  being  the  binding-screws  for  the  attach- 
ment of  the  wires,  a  handle  for  setting  the  armatures  in  motion,  and  a  key,  by  the  depression  of 
which,  at  a  given  signal,  the  circuit  could  be  completed. 

To  employ  the  instrument  at  any  moment,  the  following  were  the  operations  necessary  : — 

The  insulated  wire  and  the  copper  wire  passing  to  the  earth  (the  earth  taking  the  place  of 
the  return  wire)  were  fixed  to  the  apparatus  by  means  of  the  binding-screws  ;  the  instrument  was 
raised  from  the  ground  by  being  placed  on  its  packing-case  ;  at  that  height  a  man  could  operate 
with  it  when  in  the  kneeling  posture. 

At  a  signal  ready,  the  handle  was  turned  with  one  hand,  so  as  to  cause  the  armatures  to  revolve 
with  the  greatest  possible  velocity  whilst  the  other  hand  was  pressed  against  one  corner  of  the 
instrument,  close  to  the  key,  so  as  to  steady  the  box,  and  to  be  ready  at  the  signal  fire  to  depress 
the  key  with  the  thumb. 

The  connection  of  the  instrument  with  the  earth  was  effected  as  follows  : — 

A  moderately  clean  spade  was  selected  from  among  those  used  by  the  men  in  digging  holes  for 
the  charges.  One  end  of  a  piece  of  stout  copper  wire  was  placed  under  the  edge  of  the  spade,  in 
such  a  manner  that  when  the  latter  was  firmly  forced  into  the  ground  it  was  pressed  by  the  earth 
on  both  sides  against  the  iron  surface.  The  protruding  wire  was  wound  once  or  twice  round  the 
bottom  of  the  spade-handle,  and  then  attached  to  the  binding-screw  of  the  permanent  magnet. 

The  gutta-percha-covered  wire  used  in  the  experiments  having  been  in  occasional  service  at 
Chatham  for  some  years,  the  coating  had  sustained  some  injury  in  two  or  three  places.  Such 
defects  were  protected  from  possible  contact  with  the  earth  by  means  of  waterproof  cloth  or  sheet 
india-rubber.  The  total  length  of  wire  used  was  881  yds.,  of  which  600  were  extended,  lying  along 
the  ground. 

To  the  extremity  of  the  covered  wire  a  number  (from  12  to  25)  of  pieces  of  similar  insulated 
wire,  varying  in  length  between  3  and  6  yds.,  and  serving  to  connect  it  with  the  individual 
charges,  were  attached  in  the  following  manner  : — About  6  in.  of  the  extremity  of  the  main  wire 
and  of  each  of  the  branch  wires  were  laid  bare,  and  cleansed  ;  the  end  of  the  former  was  then 
surrounded  with  those  of  the  latter,  placed  in  an  opposite  direction,  and  the  whole  tightly 
twisted  together  by  means  of  pliers,  so  as  to  be  brought  thoroughly  into  metallic  contact  with  each 
other  and  with  the  main  wire.  The  twisted  wires  were  then  bound  round  with  moderately  fine 
copper  wire,  which  was  made  to  bring  every  portion  of  the  exterior  of  the  bundle  into  connection. 
The  joint  was  made  rigid  with  pieces  of  stick  tied  against  it,  and  the  whole  securely  enveloped  in 
a  piece  of  waterproof  cloth  or  canvas,  to  protect  it  from  damp  and  contact  with  the  earth. 

These  connections,  though  of  a  very  rough  description,  and  most  readily  prepared  by  any 
soldier,  were  thoroughly  effectual.  No  instance  occurred  in  the  whole  of  the  experiments  of  the 
failure  of  a  charge  which  could  be  attributed  to  an  imperfect  metallic  connection  of  its  branch 
wire  with  the  main  wire. 

The  following  was  the  method  adopted  for  connecting  the  fuzes  with  their  respective  branch 
wires  and  with  the  earth  :  — 

The  fuzes,  as  they  were  manufactured,  were  always  fitted,  as  shown  in  Fig.  1205,  with  two 
pieces  of  covered  wire  twisted  together.  They  were  thus  ready  for  insertion  into  the  bag  or  other 
receptacle  containing  the  charge  of  gunpowder,  the  ends  of  the  covered  wires  protruding  from  the 
opening  of  the  latter  to  a  convenient  distance  for  effecting  the  junction  with  the  branch  and  earth 
wires,  so  that  a  complete  galvanic  circuit  might  be  established,  which  was  excited  by  the  permanent 
magnet.  The  extremities  of  one  of  the  other  fuze-wires  and  of  a  branch  wire,  from  both  of  which 
the  gutta-percha  was  removed  to  a  distance  of  about  2  in.,  were  connected  by  hooking  them 
firmly  one  in  the  other  with  pliers,  in  the  manner  shown  in  Fig.  120G.     A  piece  of  fine  copper 


binding  wire,  about  ß  or  8  in.  in  length,  was  then  twisted  over  the  whole  of  the  connection, 
and  the  joint  was  filially  enclosed  in  a  small  wrapping  of  oiled  canvas,  in  a  manner  similar  to  that 
adopted  at  the  principili  junction  witli  the  main  wire. 

The  extremity  of  the  other  fuze-wire  was  attached  to  an  uncovered  copper  wire  of  sufficient 
length  to  bring  the  whole  of  the  charges  into  connection  with  eacli  other  in  this  manner.  The 
wire  was  fixed  in  a  convenient  position  by  being  twisted  round  short  stakes  or  pickets  driven  into 
the  ground,  and  its  extremities  were  buried  in  the  earth,  being  attached  either  to  spades,  as  already 
described,  or  to  zinc  plates  about  8  in  square. 

With  reference  to  the  earth-connection,  the  employment  of  large  metallic  surfaces  was  also 
proved,  by  repeated  experiments  at  Chatham  and  Woolwich,  to  be  superfluous.  The  simple  inser- 
tion into  the  ground  of  the  uncovered  extremities  of  the  fuze-wires  was  found  to  afford  a  per- 
fectly sufficient  connection  for  ensuring  the  ignition  of  the  charges. 
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The  largest  number  of  charges  which  it  was  attempted  to  fire  at  once  at  Chatham  was  twenty- 
five.  The  ignition  of  twelve  charges  was  repeatedly  effected,  and  with  such  rapidity  as  to  have 
the  practical  effect  of  a  simultaneous  discharge  of  the  whole.  With  twenty-five  charges  the  interval 
between  the  first  and  last  discharge  was  very  decided,  being  certainly  longer  than  when  the  same 
number  of  charges  were  fired  at  Woolwich  with  the  employment  of  a  greater  length  of  wire,  of 
which,  however,  the  larger  portion  was  coiled  up,  the  space  between  the  earth-connections  being 
only  about  one-half  of  that  introduced  at  Chatham  ;  yet  it  was  considered  that  even  the  ignition 
of  the  twenty-five  charges,  at  a  distance  of  600  yds.  from  the  magnet,  and  with  the  employment  of 
881  yds.  of  covered  wire,  and,  in  addition,  about  100  yds.  in  the  form  of  branch  wires,  was  effected 
with  sufficient  rapidity  to  allow  of  that  number  being  employed  in  cases  where  a  simultaneous 
discharge  was  required. 

Another  instance  of  the  apparent  effect  of  increased  resistance,  in  the  form  of  an  increase  in  the 
length  of  wire  laid  out,  in  diminishing  the  rapidity  of  discharge,  was  observed  in  the  employment 
of  one  branch  wire  of  four  or  five  times  the  length  of  the  others.  A  distinct  interval  was  noted 
between  the  explosion  of  the  other  eleven  charges  and  that  of  the  one  attached  to  the  longer  branch 
wire. 

Experiments  were  made  to  ascertain  whether,  to  complete  the  circuit,  the  employment  of  a 
second  insulated  wire,  in  the  place  of  600  yds.  of  earth-connection,  would  modify  the  rapidity  of 
ignition  of  a  number  of  charges,  but  no  difference  of  effect  was  observed. 

It  need  scarcely  be  stated  that,  in  dealing  with  electricity  produced  by  a  permanent  magnet, 
defects  in  the  insulation  of  the  main  and  branch  wires  had  to  be  very  carefully  guarded  against. 
Several  failures  in  the  first  experiments  were  eventually  traced  to  some  defect  of  that  kind.  An 
instance  even  occurred,  before  the  proper  method  of  protecting  the  connections  of  the  charges  with 
the  insulated  wires  was  adopted,  in  which  the  deposition  of  moisture  upon  the  gutta-percha-covered 
wire,  near  the  charge,  prevented  the  ignition  of  the  latter,  by  forming  a  connecting  link  between 
the  extremity  of  this  wire,  where  it  was  exposed  and  attached  to  the  fuze,  and  the  uncovered  wire 
leading  to  the  earth,  in  consequence  of  the  two  wires  being  in  contact  at  a  distance  of  several  inches 
from  the  fuze. 

It  is  therefore  always  a  preliminary  precaution  of  primary  importance  that  the  insulating 
covering  of  the  wire  to  be  employed  be  carefully  inspected  while  the  latter  is  being  laid  out  for  use, 
and  that  any  imperfections  be  protected  from  possible  contact  with  the  earth  or  from  the  access  of 
moisture,  a  result  readily  attainable  by  the  application  of  some  waterproof  envelope  to  the  injured 
portion. 

The  experiments  instituted  at  Chatham  with  the  object  of  applying  the  current  produced  by  a 
permanent  magnet  to  the  ignition  of  submarine  charges  were  attended  with  greater  difficulties  than 
those  which  served  to  test  the  system  in  its  application  to  land  operations  ;  nevertheless,  the  results 
ultimately  attained  were  also  of  a  character  to  lead  to  definite  and  favourable  conclusions. 

The  method  of  establishing  the  connections  of  a  charge  with  the  wire  and  the  earth  differed 
naturally  in  some  respects  from  the  mode  of  proceeding  already  described. 

The  charges  of  powder  were  contained  in  canisters  of  block-tin  carefully  soldered  so  as  to  be 
water-tight.  Any  vessels  of  this  material,  such  as  turpentine  cans,  may  be  employed,  provided 
they  be.  perfectly  coated  inside  with  marine  glue,  or  some  other  description  of  varnish. 

The  fuze,  with  two  wires  attached  as  before, 
the  one  a  few  inches  longer  than  the  other,  was 
inserted  into  the  charge,  and  fixed  in  its  proper 
position  in  the  canister  by  means  of  a  loose-fitting 
bung,  pushed  a  little  distance  into  the  neck,  and 
cut  on  one  side,  so  as  to  admit  of  the  passage  of 
the  longer  insulated  wire,  while  the  bare  part 
of  the  shorter  wire  was  firmly  pressed  by  the 
cork  against  the  inside  of  the  neck.  The  latter 
was  then  completely  filled  up  with  melted  gutta- 
percha, and  the  extremity  of  the  short  uncovered 
wire  was  bent  back  over  its  side,  so  as  to  be 
in  close  contact  with  the  metal  surface.  In  this 
manner  the  enclosed  fuze  was  brought  into  good 
metallic  connection  with  the  wet  earth  or  water 
by  which  the  canister  would  be  surrounded.  See 
Fig.  1207. 

The  insulated  wire  projecting  from  the  mouth 
of  the  canister  was  connected  with  one  of  the 
branch  wires  in  the  manner  already  described , 
but,  in  order  thoroughly  to  protect  the  connection 
from  the  water  in  which  it  would  become  im- 
mersed, a  piece  of  vulcanized  india-rubber  tubing 
of  suitable  length,  and  a  tin  tube  rather  longer 
and  wider  than  the  latter,  were  slipped  on  to 
the  branch  wire,  before  it  was  joined  to  the 
fuze-wire  ;  and  when  the  junction  had  been 
effected,  the  india-rubber  tube  was  pulled  over 
it,  and  tied  very  firmlj  at  both  ends  on  to  the 
gutta-percha  covering  of  the  wires.  See  Fig. 
1208. 


gutta 


À  small  quantity  of  cement,  consisting  of  beeswax  and  turpentine,  was  rubbed  in  between  the 
ta-percha  and  the  ends  of  the  india-rubber  tube,  so  as  thoroughly  to  ensure  the  exclusion  oi 
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water  ;  and  finally  the  tin  tube  was  pulled  over  the  joint,  and  fixed  by  compressing  the  ends,  for 
the  purpose  of  imparting  rigidity  to  the  junction,  and  thus  protecting  it  from  injury  by  a  sudden 
twist  or  strain.  By  these  arrangements  the  perfect  exclusion  of  water  from  the  charge,  and  from 
its  connection  with  the  branch  wire,  was  effected.  In  an  equipment  prepared  for  effecting  sub- 
marine explosions,  by  means  of  an  electric  current  established  by  a  permanent  magnet,  in  China, 
stout  bags  of  vulcanized  india-rubber  were  provided  for  the  reception  of  the  charges.  These  bags 
were  fitted  with  sockets  and  screw-plugs  of  gun  metal.  The  fuzes  furnished  for  use  with  these 
bags  were  attached  to  two  pieces  of  covered  wire,  about  18  in.  long,  which  were  enclosed  side  by 
side  in  a  cylindrical  plug  of  gutta-percha,  Fig.  1209,  about  4  in.  long,  and  carefullv  made  to  form 


one  mass  with  the  coating  of  the  enclosed  wires.  This  plug  was  made  to  fit  pretty  tigntly  into 
a  thick  washer  of  india-rubber  contained  in  the  socket  of  the  bag.  An  inner  screw-socket,  which 
was  brought  to  bear  with  great  force  upon  a  metal  ring  resting  on  this  washer,  when  the  plug 
had  been  inserted,  compressed  its  internal  surface  against  the  latter  in  such  a  way  as  to  ensure  a 
perfectly  water-tight  joint. 

The  first  trials  of  these  charges  were  made  in  a  shallow  canal  with  a  mud  bottom,  and  from 
which  at  the  time  of  experiment  the  water  was  receding  so  rapidly,  that  before  the  whole  of  the 
charges  had  been  immersed  several  of  them  were  left  half-imbedded  in  the  mud.  Twenty-five 
charges  were  arranged,  of  which  thirteen  were  exploded,  though  less  rapidly  than  in  the  experi- 
ments on  land.  On  the  next  occasion,  when  twenty-five  charges  were  regularly  surrounded  by 
water,  simply  resting  upon  the  firm  bed  of  a  pond  of  some  depth,  only  four  of  the  charges  were 
exploded.  Several  other  attempts  were  made  to  fire  a  small  number  of  (ten  and  five)  charges 
similarly  immersed,  but  in  every  instance  only  four  were  ignited.  A  careful  examination  into  the 
cause  of  the  invariable  explosion  of  so  comparatively  limited  a  number  of  charges  under  water  led 
to  the  following  explanation. 

It  will  be  remembered  that  the  explosion  of  numerous  charges  in  a  divided  circuit  by  the 
magneto-electric  apparatus  with  revolving  armatures  is  effected  by  the  action  of  an  exceedingly 
rapid  succession  of  currents.  The  rapidity  with  which  they  follow  each  other,  however  great, 
cannot  equal  that  with  which  the  terminals  of  a  fuze  (that  explode  a  small  charge  under  water) 
come  into  contact  with  the  latter  after  the  explosion.  The  instant  this  occurs  a  complete  circuit 
is  established  through  the  water,  and  any  further  action  of  the  currents  is  at  once  arrested. 

By  the  time,  therefore,  that  four  charges  had  been  ignited  in  extremely  rapid  succession,  so  as 
to  be  apparently  exploded  at  once,  a  sufficient  interval  of  time  had  in  reality  elapsed  to  allow  the 
water  to  re-occupy  the  space  filled  for  a  brief  period  by  the  gaseous  products  of  the  first  explosion, 
and  thus  to  rush  in  upon  and  complete  the  circuit  with  the  terminals  of  the  fuze.  The  piece 
of  soft  iron  K,  when  attracted  by  the  temporary  magnet  21,  shown  in  Fig.  1193,  is  termed  an 
armature. 

It  is  believed  that  charges  are  generally  so  arranged  for  submarine  operations  as  to  be  partially 
or  completely  surrounded  by  the  objects  upon  which  the  force  of  the  exploding  charge  is  to  be  ' 
exerted,  and  that  they  are  even  at  times  firmly  fixed  in  their  position  by  being  partly  or  wholly 
imbedded  in  sand,  mud,  or  some  similar  material.  In  such  cases  the  resistance  to  be  overcome 
by  the  explosion  is  greater  than  if,  under  conditions  otherwise  similar,  the  charges  were  simply  in 
direct  contact  with  the  water,  and  hence  the  interval  is  increased  which  must  elapse  before  the 
water  can  complete  the  circuit  of  electricity. 

The  results  of  some  experiments  made  at  Chatham  appear  to  show  that,  under  such  circum- 
stances, the  number  of  charges  ignited  at  one  time  by  the  magneto-electric  apparatus  must  be 
greater  than  if  they  were  simply  immersed  in  water.  One  experiment  has  already  been  mentioned, 
in  which  thirteen  charges  out  of  twenty-five  were  exploded  at  one  time,  most  of  them  being 
imbedded  in  mud. 

On  another  occasion  the  charges  were  placed  in  small  pits  filled  with  water,  the  canisters  being 
covered  in  with  mud  beneath  the  latter.  Nine  of  the  charges  were  fired;  the  brandi  wire  of  the 
tenth  was  accidentally  severed  at  the  moment  of  the  explosion,  from  its  lying  across  one  of  the 
pits. 

An  attempt  was  made  to  fire  simultaneously  fourteen  charges  similarly  arranged,  by  the  current 
obtained  from  a  large  leave-magnet,  but  only  seven  were  exploded  :  the  other  seven  were  fired 
on  a  second  trial.  It  should  be  mentioned  that  the  length  of  extended  wire  and  the  interval 
between  the  earth-connections  were  greater  in  these  experiments  than  in  those  made  at  Woolwich 
with  the  largo  magnet,  in  which  twenty-five  charges  were  fired  with  perfect  certainty  by  the  single 
current  obtained  from  it.  Possibly  the  very  great  difference  in  the  results  obtained  might  have 
been  partly  due  to  some  minute  defects  in  the  insulation  of  the  branch  wires  employed  at  (  ¡hatham, 
which  escaped  notice  on  the  inspection  of  the  wires,  but  sufficed  to  diminish  the  intensity  of  the 
current  when  these  were  immersed  in  water. 

It  is  most  difficult,  even  in  a  long-continued  series  of  carefully-observed  experiments,  to  separate 
the  pure  results  furnished  by  the  application  of  b  system,  ['vom  results  which  arc  brought  about, 
or  at  any  rate  greatly  modified,  by  accidental  circumstances.  It  appears,  however,  apart  from  the 
latter,  that  in  the  application  of  electricity  (whether  frictional  or  magnetic)  to  the  explosion  of 
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charges  the  effects  to  be  produced  by  the  current  are  modified  by  the  resistance  offered  to  it  in 
its  passage  along  wires  of  very  considerable  length,  and  that  the  effects  of  the  current  seem 
very  much  less  when  the  insulated  wire  is  extended  than  when  it  is  employed  in  the  form  of  a 
coil. 

The  retardation  in  the  explosion  of  several  charges  in  divided  circuit  by  a  rapid  succession  of 
currents,  and  the  diminution  in  the  number  of  charges  fired  by  one  single  powerful  current  both 
of  which  results  were  repeatedly  noticed  in  the  course  of  the  many  experiments  with  the  ^alvanic 
battery,  and  with  the  permanent  magnet,  could  only  be  ascribed  to  modifications  in  the  intensity 
of  the  electricity  by  the  greater  resistance  which  is  encountered.  ; 

Eobert  Hare,  Professor  of  Chemistry  in  the  university  of  Pennsylvania,  was  the  first  who 
applied  electricity  to  the  explosion  of  mines.  Hare  found,  if  an  elec- 
tric current  of  sufficient  force  was  established  in  a  circuit  (X  Y  Z,  A 
Fig.  F°3)  of  copper  wire  by  either  a  permanent  magnet,  or  galvanic 
battery,  that  a  short  piece  of  iron  wire  (Q,  Fig.  1193),  much  thinner 
than  the  copper  wire,  making  part  of  the  circuit  (P  K,  23,  Fig. 
1193),  was  burnt,  and  exploded  gunpowder  and  other  explosive 
substances  through  which  the  iron  wire  was  made  to  pass.  Hare's 
discovery  may  be  practically  applied  by  the  following  simple  pro- 
cess:— Two  copper  wires,  AB,  CD,  Fig.  1210,  being  procured, 
about  -jL  in.  in  diameter  and  10  ft.  in  length,  well  covered  with 
silk  or  cotton  tarred,  so  that  their  insulation  may  be  good.  These 
wires  are  twisted  together  for  a  length  a  6  of  6  in.,  care  being  taken 
to  leave  their  lower  extremities,  at  B  and  D,  free,  for  a  length  of 
about  ì  an  in.  (separating  them  about  J  an  in.)  ;  from  the  extremities 
B,  D,  the  insulating  envelope  must  be  removed  ;  and  a  fine  iron  wire 
is  stretched  between  B  and  D.  Metallic  contact  must  be  established 
between  the  iron  and  the  copper.  The  upper  extremities  A,  C,  of 
the  two  copper  wires  are  connected  with  a  circuit.  For  example,  if 
A,  Fig.  1210,  be  connected  with  P,  Fig.  1193,  and  C  with  E,  the 
iron  wire  B  t)  will  be  consumed  as  soon  as  a  galvanic  or  electric 
current,  sufficiently  powerful,  is  established  by  inserting  the  contact- 
peg,  M,  Fig.  1193. 

Explosive  Compounds  Employed  in  Blasting. — Nitro-Glycerine  is  a 
most  powerful  explosive  agent,  and  although  not  extensively  used 
in  England,  it  has  been  most  successfully  employed  on  the  Continent  and  in  America.  It  was  dis 
covered  by  Ascagne  Sobero,  an  Italian,  in  1817,  but  its  practical  application  to  mining  purposes 
is  principally  due  to  the  researches  of  Alfred  Nobel,  a  Swedish  mining  engineer. 

Nitro-glycerine  is  made  in  the  following  manner: — Fuming  nitric  acid  (sp.  gr. about  1*52)  is 
mixed  with  twice  its  weight  of  the  strongest  sulphuric  acid,  in  a  vessel  kept  cool  by  being  sur- 
rounded with  cold  water.  When  this  acid  mixture  is  properly  cooled,  there  is  slowly  poured  into  it 
rather  more  than  one-sixth  of  its  weight  of  syrupy  glycerine  ;  constant  stirring  is  kept  up  during  the 
addition  of  the  glycerine,  and  the  vessel  containing  the  mixture  is  maintained  at  as  low  a  tempe- 
rature as  possible  by  means  of  a  surrounding  of  cold  water,  ice,  or  some  freezing  mixture.  It  is 
necessary  to  avoid  any  sensible  heating  of  the  mixture,  otherwise  the  glycerine,  which  is  the  sweet 
principle  of  oil,  would  be,  to  a  considerable  extent,  transformed  into  oxalic  acid.  When  the  action 
ceases,  nitro-glycerine  is  produced.  It  forms  on  the  surface  as  an  oily-looking  fluid,  the  undccom- 
posed  sulphuric  acid  forming  the  subjacent  layer,  owing  to  its  greater  specific  gravity.  The  whole 
mixture  is  then  poured,  with  constant  stirring,  into  a  large  quantity  of  cold  water,  when  the  relative 
specific  gravities  become  so  altered  that  the  nitro-glycerine  subsides  and  the  diluted  acid  rises  to 
the  surface.  After  the  separation  in  this  manner  into  two  layers  is  effected,  the  upper  layer  may 
be  removed  by  the  process  of  décantation  or  by  neans  of  a  siphon,  and  the  remaining  nitro- 
glycerine is  washed  and  re-washed  with  fresh  water  till  not  a  trace  of  acid  reaction  is  indicated  by 
blue  litmus  paper.  The  final  purifying  process,  pursued  by  Nobel,  is  to  crystallize  the  nitro- 
glycerine from  its  solution  in  wood  naphtha.  This  final  process  is  not  necessary  when  the  com- 
pound is  to  be  used  at  once. 

As  prepared  in  this  manner,  nitro-glycerine  is  an  oily-looking  liquid,  of  a  faint  yellow  colour, 
perfectly  inodorous,  and  possessed  of  a  sweet,  aromatic,  and  somewhat  piquant  taste.  It  is  poison- 
ous, small  doses  of  it  producing  headache,  which  may  also  be  produced  if  the  substance  is  absorbed 
into  the  blood  through  the  skin,  and  hence  it  is  not  desirable  to  allow  it  to  remain  long  in  contact 
with  the  skin,  but  rather  to  wash  it  off  as  soon  as  possible  with  soap  and  water.  Glycerine  has  a 
specific  gravity  of  1-25-1-2G,  but  the  nitro-glycerine  has  a  specific  gravity  of  almost  1  "6,  so  that 
it  is  a  heavy  liquid.  It  is  practically  insoluble  in  water,  but  it  readily  dissolves  in  ether,  in  ordi- 
nary vinic  alcohol,  and  in  methylic  alcohol  or  wood  spirit.  If  it  be  simply  exposed  l<»  contaci  with 
fire  it  does  not  explode,  although  it  is  so  powerful  as  an  explosive.  A  burning  match  maj  be 
introduced  into  it  without  producing  any  explosion,  the  match  may  be  made  t<;  ignite  the  Liquid, 
but  combustion  will  cease  as  soon  as  the  match  ceases  to  burn.  Nitro-glycerine  may  even  be  burned 
by  means  of  a  cotton  wick  or  a  strip  of  bibulous  paper,  as  oil  from  a  lamp,  and  as  harmlessly.  It 
remains  fixed  and  perfectly  unchanged  at  212°  Fahr.  ;  if  heated  to  about  300°,  however,  il  explodes. 
It  detonates  when  struck  by  the  blow  of  a  hammer,  but  only  the  part  struck  by  the  hammer  ex- 
plodes ;  the  surrounding  liquid  remains  unchanged. 

As  the  carriage  of  nitro-glycerine  is  dangerous,  many  trials  have  been  made  to  render  it 
inexplosive,  and  to  restore  its  explosiveness  with  equal  readiness.  Nobel's  method  of  making  it 
inexplosive  is  at  once  simple  and  effective.  It  is  to  mix  with  it  from  5  to  10  per  cent,  of  wood 
spirit,  when  all  attempts  at  exploding  it  arc  rendered  utterly  futile.  Five  per  cent,  of  methyl- 
alcohol  is  said  to  be  amply  sufficient  to  transform  the  nitro-glycerine  into  the  iuexplosivc  or  pro- 
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tected  state,  but  Nobel  now  always  adds  10  per  cent,  before  sending  auy  of  his  blasting  liquid  into 
the  market. 

The  transformation  of  protected  into  ordinary  nitro-glycerine  is  effected  by  thoroughly  agitating 
it  with  water,  and  allowing  the  mixture  to  settle  for  a  short  while.  By  this  means  the  water  dis- 
solves out  the  methyl-alcohol,  and  the  mixture  of  spirit  and  water  readily  rises  to  the  surface,  in 
virtue  of  its  low  specific  gravity,  and  can  be  removed  by  means  of  a  siphon,  or  by  simply  pouring  it 
off.  The  blasting  liquid  is  now  ready  for  use.  It  would  seem  that  the  methyl-alcohol  is  by  this 
means  separated  very  readily  from  the  nitro-glycerine  held  in  solution  by  it.  If  protected  blasting 
liquid  be  kept  in  a  closed  vessel,  it  will  remain  in  that  state  for  an  indefinite  period  of  time,  and 
ready  at  any  moment  to  be  reduced  or  rendered  fit  for  action  ;  if,  however,  it  be  exposed  in  an  open 
vessel,  it  will  regain  its  explosiveness,  in  periods  of  time  proportionate  to  the  amount  or  degree  of 
exposure. 

The  chief  advantage  which  nitro-glycerine  possesses  is  that  it  requires  a  much  smaller  hole  or 
chamber  than  gunpowder  does,  the  strength  of  the  latter  being  scarcely  one-tenth  that  of  the  former. 
Hence  the  miner's  work,  which,  according  to  the  hardness  of  the  rock,  represents  from  five  to  twenty 
times  the  price  of  gunpowder  used,  is  so  short,  that  the  cost  of  blasting  is  often  reduced  50  per 
cent.  The  process  is  very  easy.  If  the  chamber  of  the  mine  present  fissures,  it  must  first  be  lined 
with  clay  to  make  it  water-tight.  This  done,  the  nitro-glycerine  is  poured  in  and  water  after  it, 
which,  being  the  lighter  liquid,  remains  at  the  top.  A  slow  match,  with  a  well-charged  percussion 
cap  at  the  end,  is  then  introduced  into  the  nitro-glycerine,  or  a  fuze,  to  the  extremity  of  which  is 
attached  a  small  quantity  of  gunpowder,  fixed  immediately  over  the  liquid.  The  mine  may  then 
be  sprung  by  lighting  the  match,  there  being  no  need  of  tamping.  Experiments  were  made  with 
this  new  compound  in  the  open  part  of  the  tin  mines  of  Altenburg,  in  Saxony.  In  one  of  these,  a 
chamber,  31  millimètres  in  diameter,  was  made  perpendicularly  in  a  dolomitic  rock,  60  ft.  in 
length,  and  at  a  distance  of  14  ft.  from  its  extremity,  which  was  nearly  vertical.  At  a  depth  of 
8  ft.,  a  vault  filled  with  clay  was  found,  in  consequence  of  which  the  bottom  of  the  hole  was  tamped, 
leaving  a  depth  of  7  ft.  One  litre  and  a  half  of  nitro-glycerine  was  then  poured  in  ;  it  occupied  5  ft. 
A  match  and  stopper  were  then  applied  as  stated,  and  the  mine  sprung.  The  effect  was  so  enor- 
mous as  to  produce  a  fissure  50  ft.  in  length,  and  another  of  20  ft.  The  total  effect  has  not  yet 
been  ascertained,  because  it  will  require  several  small  blasts  to  break  the  blocks  that  have  been 
partially  detached  by  this. 

Nitro-glycerine  has,  however,  one  disadvantage.  It  freezes  at  a  temperature  very  probably 
above  92°  Fahr.,  and  it  is  said  that  even  at  a  temperature  of  43°  to  46°  Fahr,  the  oil  solidifies  to 
an  icy  mass,  which  mere  friction  will  cause  to  explode.  It  is  probable,  however,  that  the  freezing- 
point  of  the  oil  lies  somewhat  lower  than  is  here  stated,  though  as  yet  no  exact  determination  of 
the  freezing-point  of  the  oil  has  been  made.  A  newspaper  from  Hirschberg,  in  Silesia,  gives  a  sad 
account  of  an  accident,  caused  by  the  frozen  oil  exploding  by  friction.  Nitro-glycerine  was  there 
being  used  in  making  a  tunnel.  It  was  kept  in  glass  vessels,  packed  in  straw,  and  placed  in 
baskets,  each  vessel  containing  one-fourth  to  one-eighth  of  a  hundredweight  of  the  oil.  For 
several  days  the  oil  had  been  frozen.  It  was  carefully  handled,  and  pieces  were  separated  by 
means  of  a  piece  of  wood,  and  put  into  the  bore-holes,  and  it  was  found  that  the  frozen  nitro- 
glycerine exploded  quite  as  well  as  the  fluid.  One  day  an  overseer  at  the  shaft  hit  upon  the 
unlucky  idea  of  breaking  into  pieces  with  a  pick  a  700  or  800  lb.  lump  of  the  frozen  glycerine. 
The  blow  caused  the  mass  to  explode,  and  the  unfortunate  man  was  blown  up  into  the  air,  and 
fell  back  into  the  shaft,  some  40  or  50  ft.  deep,  whilst  two  workmen,  who  were  making  cartridges 
a  short  distance  from  him,  luckily  escaped  with  slight  injuries. 

Dynamite  is  made  by  mixing  75  per  cent,  of  nitro-glycerine  with  25  per  cent,  of  powdered  sand 
(silica).  It  lias  been  introduced  by  A.  Nobel,  whose  researches  on  nitro-glycerine  are  so  well 
known.  Dynamite  retains  all  the  properties  of  nitro-glycerine  for  blasting,  but  is  not  dangerous, 
as  it  may  be  handled  freely,  and  does  not  explode  by  fire  alone  or  when  accidentally  subjected  to 
percussion.  In  some  experiments  made  by  the  inventor,  a  box  containing  about  8  lbs.  of  dynamite 
(equal  in  power  to  80  lbs.  of  powder)  was  placed  over  a  fire,  where  it  slowly  burned  away. 
Another  box  containing  the  same  quantity  was  hurled  from  a  height  of  more  than  60  ft.  on  to  a 
rock  below,  no  explosion  ensuing  from  the  concussion  sustained.  Explosion  is  produced  by  means 
of  a  percussion  cap  in  the  same  manner  as  with  nitro-glycerine. 

¡Schwartz's  lil  /sting  Gunpowder. — This  powder  is  now  much  employed  in  mining.  Its  combustion 
is  alow  but  complete.     The  following  analyses  show  why  it  is  cheaper  than  ordinary  powder  : — 

I.  II. 

Soluble  salts 74*55  74*32 

Nitrate  of  potash     56*22  56*23 

Nitrate  of  soda         18*30  18*09 

The  treatment  by  sulphide  of  carbon  produced  : — 

Dissolved  sulphur 9*68          7*61 

Carbon  remaining 14*14  15*01 

Moisture 1*78  11 

It  is  a  coarse-grained  powder,  in  which  one  part  of  potash  nitre  is  replaced  by  nitrate  of  soda. 
In  the  first  instance,  one  part  of  nitrate  of  soda  for  one  part  of  nitrate  of  potash  was  used,  but 
it  was  afterwards  found  best  to  employ  a  third  of  nitrate  of  soda.    See  Artesian  Wells.    Battery. 

GUNPOWDEB.       GUN-COTTON.      ORDNANCE.      QUARRYING.      TELEGRAPHY.      TUNNELLING. 

BOTTLING  MACHINE.  Fb.,  Machine  a  mettre  en  bouteilles;  Ger.,  Pf 'ropfmaschinc ;  Ital., 
Macchin  t  da  toppar  bottic/lie. 

The  bottling  machine,  shown  in  Figs.  1211,  1212,  is  chiefly  used  for  soda  and  other  aerated 
waters.     It  was  invented  by  the  late  Hayward  Tyler,  and  it  is  on  the  continuous  principle.     The 


BOTTLING  MACHINE. 
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condenser  and  bottling-piece  are  shown  in  section  Fig-.  1211,  to  illustrate  the  internal  construction. 
The  same  letters  of  reference  refer  to  the  same  parts  in  Figs.  1211,  1212.  Fig.  1211  is  a  side 
elevation,  Fig.  1212  end  elevation;  one-half  of  the  iron  frame  is  taken  away  in  Fig.  1211  to  show 


more  clearly  the  working  parts.  The  iron  frame  on  which  the  whole  of  the  working  parts  are  fixed 
is  removed  for  the  same  reason.  References  : — 6,  cast-iron  stool  for  pump  ;  c,  carriage  for  condenser; 
d,  wrought-iron  beam,  with  con-  1213 

necting-rod  to  crank  at  one  end,  Ä 

and  side  rods  to  the  pump-pis- 
ton frame  at  the  other  end;  <?, 
wrought-iron  crank-shaft,  with 
fly-wheel  and  two  handles,  s,  s, 
which  are  used  when  hand-power 
is  applied  ;  f,  brass  wheel  to  work 
the  agitator  ;  g,  copper  solution 
pan;  h,  regulating  cocks  for  gas 
and  water,  one  only  of  which  is 
shown  ;  i,  gun-metal  pump,  with 
separate  valves  for  gas  and  water 
in  the  valve-pieces,  which  are 
marked  k  k.  The  delivery -valve 
is  on  the  top  of  the  pump;  I, 
solid  gun-metal  piston  working 
underneath  the  pump  ;  ra,  agita- 
tor working  inside  the  condenser 
to  more  intimately  mix  the  gas 
and  water  together  ;  n,  bottling- 
piece  fitted  with  a  screw-valve 
and  lever-handle  ;  o,  bottling 
nipple  ;  p  p,  copper  pipes,  tinned 
inside,  one  to  take  the  gas  and 
water  from  the  pump  to  the  con- 
denser, the  other  to  convey  them 
from  the  condenser  to  the  bot- 
tling-piece ;  q,  safety-valve  to 
relieve  the  pressure  in  the  con- 
denser, in  which  there  is  also  a  pressure-gauge,  not  shown  in  the  figures,  to  indicate  the  pressure 
suited  to  the  different  aerated  waters.  S,  S,  are  handles  for  actuating  the  machine  when  worked 
by  hand.  The  gas  generator  and  gasometer,  although  not  shown  in  Figs.  1211,  1212,  arc  the 
same  in  all  the  machines  employed  for  a  similar  purpose. 

W.  F.  Davidson's  bottini-  machine,  Fig.  1213,  is  arranged  so  that  the  liquid  to  be  bottled  is 
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BRACKET. 


Fr, 
Fr. 


Bave'  en  galet  ;   Ger.,  Kollsteinpflaster  ;  Ital.,  Ciottolato. 
Mur  en  galet;    Ger.,  Bollstein  Mauerwerk;    Ital.,  Muratura   di 


drawn  from  the  barrel  M  through  a  suction-pipe  K  by  a  piston,  a  valve  L  being  arranged  so 
.as  to  prevent  the  return  of  the  liquid.  The  liquid  is  let  iuto  the  bottle  e  from  the  pump- 
cylinder  A  through  the  valve  C,  which  is  operated  by  means  of  levers  and  rods.  This  valve 
is  closed  by  means  of  a  spring  bar  acting  automatically  The  plunger  D  is  raised  as  soon 
as  pressure  is  removed  from  the  treadle  /;  thus  giviug  an  intermittent  motion  the  work  is 
continued, 

BOTTOMING,  or  BALLASTING.  Fb.,  Empierrement;  Ger.,  Besteinung,  Beschotterung; 
Ital.,  Imbreuiare  Inghiaiare, 

See  Permanent  way. 

BOULDER-PAVING. 

See  Construction. 

BOULDER -WALLS. 
ciottoli. 

See  Construction. 

BOUNDARIES.     Fb.,  Limite ,  Ger.,  Grenze  ;  Ital.,  Confine. 

In  making  a  survey,  the  boundaries  of  the  counties,  parishes,  and  the  several  estates,  are 
required  to  be  marked  correctly  thereon  ;  in  ascertaining  which,  it  is  generally  found  necessary 
to  procure  the  services  of  parties  locally  acquainted  with  the  ground  to  be  surveyed. 

In  the  case  of  property  divided  by  hedge  and  ditch,  the  brow  of  the  ditch  is  generally  the 
boundary  ;  which,  of  course,  forms  the  line  to  be  measured.  In  some  districts  the  roots  of  the 
quicks,  or  the  foot  of  the  bank,  forms  it  :  a  width  of  15  links  is  usually  allowed  for  a  hedge  and 
ditch,  6  links  for  ditches  between  neighbouring  estates,  and  7  for  those  nearest  roads,  that  is,  from 
the  roots  of  the  quicks.     See  Geodesy.     Surveying. 

BOW-COMPASS.     Fr.,  Compas  a  pompe  ;  Ger.,  Federzirkel  ;  Ital..  Compassino  da  circoli. 

A  pair  of  compasses  for  describing  small  circles  with  ink,  is  sometimes  called  a  bow-compass. 
See  Compasses. 

BOW-PEN.     Fr.,  Tire-ligne  ;  Ger.,  Beissfeder  ;  Ital.,  Benna  a  serbatoio. 

This  pen  is  often  termed  a  drawing  pen  :  the  part  of  it  which  holds  the  ink  is  formed  of  two 
cheeks  which  are  bowed  out  towards  the  middle,  and  regulated  by  a  screw.     See  Compasses. 

BOW-DRILL.     Fr.,  Archelet  ;  Ger.,  Drillbogen,  Fidelbogen  ;  Ital.,  Trapano  ad  archetto. 

See  Hand-Tools. 

BOW-SAW.     Fr.,  Scie  a  chantourner,  scie  en  archet  ;  Ger.,  Schweif  säge  ;  Ital.,  Seghetto. 

See  Hand-Tools. 

BOX. 

A  cylindrical,  hollow  iron,  used  in  wheels,  in  which  the  axle  revolves,  is  called  an  axle- 
box. 

A  box -drain  is  a  term  generally  applied  to  a  small  drain  with  vertical  sides.  See 
Drainage. 

BOXING  op  a  SHUTTER. 

The  part  into  which  a  shutter  is  folded  when  not  required  for  use.  It  is  formed  by  the 
inside  lining  of  the  sash-frame,  the  grounds  of  the  architrave,  and  the  back  lining.  See  Sash- 
frame. 

BOYAU.     Fr.,  Boyau  ;  Ger.,  Gang  des  Laufgraben  ;  Ital.,  Baino  di  trinciera  ;  Span.,  Bamal. 

Boyaux,  or  boyaus,  are  small  trenches,  or  branches  of  a  trench,  leading  to  a  magazine,  or  to 
any  particular  point.     See  Fortification. 

BRACE. 

A  brace  is  that  part  of  a  piece  of  framing  which  is  subject  to  tension  or  compression,  such  as 
the  diagonal  bars  of  a  Warren  girder.  It  differs  from  a  strut,  which  is  subject  to  compression  ;  or 
from  a  tie,  which  is  subject  to  tension  only.     See  Bridges. 

BRACKET.  Fr.,  Balier,  console,  tasseau;  Ger.,  Unterlage,  Lager,  Consol;  Ital.,  Mensola, 
Beccatello. 

A  bracket  is  an  arm  which  projects  from  the  face  of  a  wall  or  post,  chiefly  used  to  sustain  a 
shelf,  roof,  cornice,  or  other  overhanging  structure.  It  is  usually  supported  at  the  outer  end  by 
a    strut,    as    A  C,    Fig.   1214.  m4 

The  strain  tending  to  pull  the 
bearer  A  B  out  of  its  socket  at 
B  is  represented  by  W  tan.  a  ; 
and  that  portion  of  the  load 
which  is  transmitted  to  the  wall 
along  the  strut  A  C  is  repre- 
W 

sented  by  ;  W  being  the 

cos.  a 
weight  assumed  to  be  concón 
trated  at  the  point  A,  and  a  the 
angle  which  the  strut  makes 
with  the  wall.  When  the  load 
is  distributed  over  the  bearer 
A  B,  the  strains  on  it  and  on 
the  strut  A  C  will  be  reduced 
to  one-half.  The  vertical  strain 
or  pressure  on  the  wall  or  up- 
right  of  the  bracket  will  be  equal  to  the  load.  A  distributed  load  will  causo  a  transverse  strain 
oil  the  bearer  itself,  in  the  tame  manner  as  a  beam  supported  at  both  cuds,  or  supported  atone 
end  and  fixed  at  the  other,  as  the  caso  may  bo.  In  a  solid  bracket,  or  one  of  ornamental  shape, 
is  Fv-.  1215,  the  strain  at  B  is  all  that  is  usually  required,  and  may  be  ascertained  on  the  prin- 
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ciple  of  the  lever.    It  will  equal 


W  x  AB 


for  a  load  concentrated  at  A 


quantity  when  the  load  is  distributed.     ¡See  Strength  of  Materials. 

In  large  cornices,  to  save  plaster  it  is  usual  to  fix  to  the  wall  and  ceiling,  at  intervals  of  12  or 
14  in.,  brackets  cut  roughly  to  the  outline  of  the  intended  cornice  :  to  these,  laths  are  nailed"  to 
take  the  plaster  of  the  cornice.     The  brackets  in  the  angles  are  called  angle-brackets. 

The  term  bracket  is  also  applied  to  a  projecting  arm  which  carries  on  its  end  a  gas-burner 
Pieces  of  wood  fixed  on  the  end  of  the  tread  of  stairs  over  the  outer  string-board  are  called 
brackets  ;  they  are  sometimes  made  ornamental,  in  which  case  they  are  called  wrought  or  fancy 
brackets;  in  other  cases  they  are  known  as  cut  brackets.  Brackets  in  stone  are  usually  called 
corbels. 

BKAKE,  or  BREAK.     Fb.,  Frein;  Ger.,  Bremse  •  Ital.,  Freno. 

A  piece  of  mechanism  for  retarding  or  stopping  motion  by  friction,  as  of  a  carriage  or  railway 
train,  by  the  pressure  of  rubbers  against  the  wheels.  In  Fig 
1216  the  hand-wheel  on  the  spindle  A,  which  is  fastened 
to  the  platform  R  of  the  car,  winds  up  the  chain  F,  and 
pulls  the  lever  B,  which  presses  the  brake-block  H  upon  the 
wheel  G,  and  pulls  the  rod  S,  which  presses  the  brake-block 
upon  the  wheel  D,  and  pulls  the  rod  E,  which  runs  to  the 
next  truck,  where  there  is  a  duplicate  of  the  arrangement, 
shown  in  Fig.  1216.  Thus,  turning  the  brake-wheel  at 
either  end  of  the  car  brings  an  ecpial  pressure  upon  all  the  wheels. 

Fig.  1217  shows  a  railroad  car  brake,  invented  by  A.  J.  Ambler  ;  it  belongs  to  that  class  of 
railroad  brakes  in  which  a  tensional  chain,  or  rods  and  chains,  are  used  for  operating  or  applying 
power  from  the  locomotive  to  the  brakes  of  a  train  of  cars. 


1217. 


This  arrangement  of  Ambler  consists  of  fixed  and  sliding  sheaves  E,  E,  in  connection  with  a 
tensional  chain  F,  and  brake-chain  G  so  that  by  operating  the  tensional  chain  F  a  movement 
will  be  imparted  to  the  brake-chain  G,  to  set  or  apply  the  brakes  D,  D.  The  slack  of  the  tensional 
chain  F  will  be  taken  up  by  the  falling  of  the  sliding  sheaves  E,  E,  when  the  power  is  removed 
from  the  chain  F.  The  power  of  the  brakes  is  limited  and  controlled  by  limiting  the  rising  and 
falling  movement  of  the  sheaves  E,  E,  by  having  the  axles  b  of  the  sheaves  fitted  into  slots  a  in  the 
bars  D"  D".     The  sheaves  C,  C,  are  stationary. 

The  number  of  brake  carriages  or  vans  to  a  given  train  will  depend  on  the  inclinations 
on  the  line  and  the  speeds  employed:  with  passenger  trains  it  has  been  considered  that  on 
an  average,  and  to  ensure  safety,  every  fifth  carriage  should  have  a  brake .  the  engine  also  is 
generally  reversed  to  assist  the  brakes.  It  must  be  recollected,  however,  that  by  stopping  a 
train  too  rapidly,  great  injury  results  both  to  the  permanent  way  and  the  rolling  stock.  But 
still  it  is  very  important  that  those  who  have  charge  of  a  train  should  be  able  to  stop  it  within 
a  very  short  distance,  when  there  is  risk  of  collision,  or  any  other  danger  is  apprehended;  and 
the  greater  the  number  of  wheels  to  which  brakes  are  applied,  the  more  speedily  will  the  effect 
be  ^produced. 

The  following  considerations  appear  to  be  those  which  would  determine  the  amount  of  brake- 
power. 

The  forces  which  act  on  the  train  after  the  steam  has  been  shut  off  arc  the  axle  friction  nn<l 
rolling  friction  of  the  train,  and  the  pressure  of  the  wind:  the  friction  tends  gradually  to  bring 
the  train  to  rest, — the  pressure  of  the  wind  to  accelerate  or  retard  it,  as  the  case  may  be,  and  this 
will  therefore  be  omitted  from  the  conclusions  to  be  drawn. 

To  stop  a  train  rapidly,  brakes  are  applied  to  some  of  the  wheels,  and  the  engine  ifl  R  versi  á. 
The  application  of  brakes  prevents  the  wheels  from  revolving,  and  introduces  the  friction  due  t<> 
the  weights  on  the  wheels  to  which  the  brakes  are  applied.  The  act  of  reversing  the  engine  does 
not  immediately  stop  the  forward  motion  of  the  driving-wheel,  but  forces  it  to  revolve  at  a  son*  - 
what  slower  rate  than  that  due  to  the  speed  of  the  train,  and  thus  causes  a  friction  of  Mirlar,  i,, 
take  place  between  the  wheel  and  rail. 

The  axle  and  rolling  friction  of  the  train  may  be  assumed  to  be  some  proportion  of  the  total 
weight  of  the  train;  the  friction  of  the  wheels  to' which  brakes  are  applied  may  1"'  taken  as  some 
proportion  of  the  insistent  weights;  from  experiments,  it  appears  that  the  axle  and  rolling  friction 
may  be  taken  at  ^  part  of  the  weight  of  the  train,  and  the  friction  due  to  the  brakes  at  about 
¡  of  the  weights  on  them. 
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Hence,  if  I  represent  the  gross  load  of  the  train, 

w       „         the  weights  on  the  wheels  to  which  brakes  are  applied, 
R       „         the  retardation  in  feet  per  second, 
g        „  the  force  of  gravity, 

and,  if  the  train  be  on  an  incline, 

-  represent  the  slope  of  such  incline, 


(l.-™+vi  +  -U 

V  334  ^  8   -  p  J  I 


the  latter  term  being  used  with  the  negative  sign  when  the  train  is  descending,  and  the  positive 
sign  when  ascending,  the  gradient. 

If  S  =  space  traversed  by  train  in  coming  to  rest, 

v  =  velocity  in  feet  per  second  at  the  moment  the  steam  is  shut  off  and  the  brakes  applied 

It  should  be  observed  that  these  estimates  and  formulas,  although  empirical,  may  be  found 
useful  in  forming  rough  estimates;  and  that,  in  estimating  practically  the  space  of  time  which 
should  be  required  for  a  train  to  stop  in,  one  or  two  seconds  should  be  allowed  for  time  lost  in 
applying  the  brakes.     These  combinations  will  be  referred  to  presently. 

Speaking  in  general  terms,  a  brake  consists  of  one  or  several  segments  of  wood  or  metal,  which 
can  be  pressed  upon  the  circumference  of  a  wheel,  so  as  to  produce  friction,  which,  acting  as  a 
resistance,  reduces  the  velocity  of  that  wheel.  Fig.  1218  represents  a  brake  so  constructed  ;  the 
wooden  blocks  a,  a,  a,  a,  are  connected  by  two  straps  of  iron, 
movable  round  a  fixed  point  O  ;  the  ends  A  and  B  of  these  two 
straps  are  fastened  to  the  bell-crank  ACB,  As  none  of  the 
centres  of  motion,  A,  B,  0,  are  fixed,  the  arms  AC,  C  B,  Lave 
the  power  of  a  toggle-joint.  If  the  handle  M  of  the  bell-crank 
is  moved  in  the  direction  indicated  by  the  arrow,  the  blocks  are 
forced  to  press  upon  the  rim  of  the  wheel,  and  friction  is  thus 
produced,  which  diminishes  the  velocity  of  the  wheel  which  is 
supposed  to  be  in  motion.  In  order  to  distribute  the  pressure 
over  a  large  surface,  so  that  the  materials  in  contact  be  not 
altered,  the  brake  should  necessarily  embrace  a  sufficient  part  of 
the  circle.  Cranes,  and  generally  all  machines  for  lifting  and  lowering  weights  by  means  of 
handles,  are  provided  with  a  brake  acting  upon  a  special  wheel  which  influences  the  movement 
of  the  chain  barrel. 

Also  trains  of  great  velocity  are  either  stopped  on  inclines  or  their  motion  is  retarded  on  rail- 
roads, as  is  well  known,  by  applying  a  brake  to  the  carriages.  The  brakes  of  common  carriages 
are  woodeu  blocks  placed  near  the  back  wheels  ;  by  means  of  a  handle  and  a  screw,  acting  upon 
system  of  levers,  the  blocks  are  pressed  upon  the  rims  of  these  wheels.  These  brakes  are 
substituted  with  advantage  for  the  ancient  wooden  shoe  or  sabot,  which  is  still  used  by  carters  or 
wagoners  ;  the  use  of  that  shoe  is  to  prevent  the  wheel  from  turning,  and  it  transforms  the  rolling 
friction  into  a  sliding  friction,  which  is  much  more  considerable  ;  it  produces  thus  a  resistance 
which  tends  to  diminish  the  velocity  of  the  carriage  and  to  prevent  its  acceleration  in  descending 
inclines.  But  the  use  of  the  shoe  is  very  incommodious,  and  serious  accidents  may  happen  if  the 
chain,  which  holds  the  sabot  or  shoe,  breaks.  The  brake  acts  in  a  more  gradual  manner,  and  its 
use  is  handier  and  safer. 

In  railway  trains  the  brakes  act  simultaneously  upon  all  wheels  of  the  same  carriage.  Various 
constructions  have  been  adopted  for  that  purpose.  Fig.  1219  shows  one  of  the  earliest,  as  used 
on  the  Versailles railway.  The  equal  segments  aa\  6  6',  cc\  del',  are  placed  at  a  little  distance 
betöre  and  behind  each  wheel;  they  are  suspended  from  the  frame  of  the  carriage  by  rods  moving 
roana  fixed  points.  The  levers  mp  and  np,  jointed  to  the  middle  of  the  arcs  6  6'  and  cc',  are 
connected  at />  with  a  vertical  rod  pq,  which  has  a  screw  at  its  end,  and  is  raised  or  lowered  by 
means  ol  the  nut  e.  The  raising  of  the  point  p  brings  the  points  m  and  n  nearer  to  the  wheels, 
with  the  power  of  a  toggle-joint,  and  the  arcs  6  6'  and  c  c>  are  pressed  against  the  tires  with  great 
foroe  ;  the  saine  takes  place  with  the  arcs  a  a'  and  dd\  which  are  connected  with  the  arcs  66'  and 
c  coupling-rods  a  c  and  6'  d' ;  in  this  manner  four  arcs  or  blocks  press  upon 
The  blocks  are  either  made  of  wood  and  hooped  with  iron,  or  they 

1215 


the  wheels  at  the  same  time. 


are  made  entirely  of  iron.    Pig.  1220  representa  a  brake  operated  bycompound  levers:  in  general 
this  latter  principle  <>i  construction  is  adopted. 

'I  be  two  brake-blocks  S  and  8',  Fig.  1220,  are  connected  with  two  equal  levers  A  B  and  A'B 
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which  are  again  fastened  to  a  third  lever  B'  B  C,  movable  round  a  shaft  O.  The  rod  C  D 
conn«  cts  the  end  C  of  the  lever  B'B  C  with  the  nut  D  D',  which  is  moved  backwards  and  forwards 
by  the  screw  V  this  screw,  which  can  only  move  round  its  axis,  but  not  in  a  longitudinal 
direction,  is  turned  by  wheel-gearing  from  the  box  of  the  guard  or  brakes-man.  Therefore,  by 
turning  the  brake-wheel  to  the  right,  the  nut  DD'  advances  to  the  right  and  pulls  the  points 
('  ¡tml  B  into  the  same  direction,  whilst  the  point  B'  is  pushed  into  the  opposite  direction,  and  the 
brake-blocks  are  consequently  pressed  upon  the  tires  of  the  wheels.  The  coupling-rod  CD', 
jointed  at  D',  produces  an  analogous  effect  upon  the  following  wheels.  The  reverse  takes  place 
if  the  brake-wheel  be  turned  in  the  opposite  direction,  that  is,  the  blocks  S,  S',  are  then  removed 
from  tin-  wheels. 

In  order  to  bring  the  brake  into  full  action  a  certain  time  is  always  required,  and  numerous 
constructions  have  been  adopted  for  shortening  this  time  as  much  as  possible.  One  method  is 
that  of  employing  a  weight  of  an  oblong  form  with  a  rack  and  pinion  on  its  longest  vertical  side  : 
this  weight  moves  between  guides  in  a  vertical  direction,  and  is  kept  in  its  place  by  means  of  a 
«•lick  or  spring.  As  soon  as  the  guard  removes  the  click  or  eases  the  spring,  the  weight  falls,  and 
turning  the  pinion  rapidly  round  its  horizontal  axis,  transfers  the  motion  to  the  brake-blocks, 
which  act  m  the  manner  previously  described.  By  means  of  a  handle  the  pinion  is  turned  in  the 
opposite  direction,  the  weight  is  raised,  and  again  fastened  in  its  former  position.  li  will  be  seen 
that  the  action  of  the  brake  under  these  circumstances  must  be  very  rapid,  and  a  train  can  be 
stopped  in  a  very  short  time. 

But  the  advantages  of  this  very  great  rapidity  should  not  be  exaggerated  ;  a  train  should  not 
be  stopped  instantaneously.  To  stoj)  quickly  is  equal  to  a  sudden  shock  against  an  obstacle,  and 
might  produce  serious  accidents.  M.  Gentil,  mining  engineer,  has  compared  that  shock  with  the 
one  which  the  train  would  sustain  by  falling  vertically  from  a  certain  height  :  the  following  Table 
gives  the  results  of  his  researches  : — 


Trains. 

Speed 
an  hour, 
in  kilo- 
mètres. 

Speed 
a  second, 

in 
mètres. 

Height  of 
Fail,  in 
mètres. 

Comparison. 

Remarks. 

Goods  train 

Mixed 

Passenger 

Mail 

Express 

kilos. 
25 
30 
40 
50 
60 

m. 

6-94 

8-33 

11-11 

13-88 
16-66 

m. 
2-456 
3-533 
6  293 
9-825 
14  159 

Ground  floor 
1st             „ 
2nd           „ 
3rd 
4th 

The  consequences  of  the  shock  of  an 
express  train  suddenly  stopped, 
would  be  the   same  as  if  that 
train  had   fallen  from  a  fourth 
floor,  or  from  a  height  of  46  ft. 

The  law  in  France  demands  one  brake-van  to  seven  carriages  or  less  ;  two  brake-vans  if  the 
number  of  carriages  varies  between  seven  and  fifteen;  three  brake-vans  for  a  train  of  more  than 
fifteen  carriages;  the  tender-brakes  are  not  included  in  that  number. 

On  the  Turin-Genoa  railway  one  brake-van  to  two  carriages  of  a  passenger  train  is  allowed  ; 
and  three  wagons  of  a  goods  train  to  a  brake-van. 

In  Prussia  £  of  the  total  number  of  wheels  of  a  passenger  train,  and  ¿-  of  the  wheels  of  a 
train,  have  to  be  provided  with  brakes,  if  the  inclination  of  the  line  is  not  more  than 
0m-0033  the  mètre.    For  an  inclination  between  0™-0033  and  0    -005,  !  and  |  have  tobe  sub- 
stituted for  these  fractions,  and  \  and  i  for  an  inclination  between  0m-005  and  0m'010. 

Figs.  1221  to  1224  represent  the  arrangement  of  Stilmant's  brake. 

It  is  apparent  from  these  figures  that  the  horizontal  shaft  a,  supported  by  the  brackets  ii,  is 
moved  by  means  of  a  long  lever  6,  which  is  connected  at  its^end,  by  the  two  rods  cc,  with  the 
nut  </;  this  nut  being  raised  or  lowered  by  the  spindle  g,  transfers  thus  its  motion,  not  only  to  the 
Lever  6  and  the  shaft  a,  but  from  there  also  by  means  of  the  forked  levers  m,  m,  and  the  rods  »,  », 
to  the  wedges  r ,-.  These  wedges  are  made  of  cast  iron,  and  form 
two  symmetrica]  parts,  which  are  supported  by  means  of  a  joint  or  ,   " 

hinge;  four  Bliding  parts  o,  o,  two  of  which  carry  directly  the  brake- 
blocks  />,,.,  whilst  the  two  others  are  kept  in  their  respective  positions 
by  ni'  ans  «if  the  pressure-rods  s,s,  serving  as  guides  to  the  wedges. 

The  createsi  angle  formed  by  these  sliding  parts  and  the  wedges, 
during  the  inactivity  of  the  brake,  is  23  degrees;  at  the  moment  of 
putting  th«'  brake  in  action  this  angle  becomes  less,  since  the  sliding 
parts  are  pressed  more  towards  the  outside;  and  at  the  greatest 
pressure  of  th-  wedges  against  the  sliding  parts  the  angle  is  about 
19  «I« 

The  thread  of  th«'  brake-screw  g  ought  to  be  double,  so  that  the 
\  th.'  end  «if  which  lias  to  pass  through  a  very  considerable  arc, 
'•;|"  be  moved  as  quickly  as  possible.  The  brake-blocks  which  are 
not  directly  fasti  tied  t«.  the  wedges  are  kept  in  their  respective  posi- 
tion, by  nu  ans  of  tiie  suspension-rods  t  /,  and  the  horizontal  rods  itu. 
'I  he  spiral  Bpringa  keep  th.'  brake-blocks  during  the  inactivity  of 
the  brake  at  a  sufficient  distance  from  the  tires,  and  thus  prevent 
any  unneoessarj  friction.    Th«'  five  action  oí"  the  suspension-springs 

«Iniiii-  th.'  Stopping  Of  the  wheels  lias   now  been  obtained  simply  by 

bending  the  Bliding  parts  0,o,  which  Berve  as  guides  for  th.'  wedges 

B  <•  rtain  angle,  and   by  making  th«'  boles   in  these  sliding  parts  more  oval;  the  same  shape 
;1  L"  ll"    ll"1,    "    li"   lower  part  of  th.  bui  peni  ion-rods  /  /.  that  is  to  say,  where  these  rods 
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are  fastened  to  the  coupling-rods  s  s,  Fig.  1225.  The  chief  centre  lines  of  the  hok s  in  1he  sliding 
parts  form  with  the  s  de  a  b  an  angle  of  lu  or  12  degrees  ;  the  diameter  of  tht^e  huirá  is  -n  núllí 
mètres  their  length  61  millimètres,  thus  giving  io  ihe  springs  a  play  of  20  millimetres,  sutìiiimt 
for  the  oscillations  during  the  running  of  the  wagon. 

A  few  words  may  be  said  here  with  respect  to  brake-blocks  in  general,  and  with  resneel  ti 
iron  blocks  in  particular.  Some  time  ago  brake-blocks  were  made  of  soft  wood,  such  as  dm 
beech,  poplar,  and  so  on,  which  is  less  susceptible  to  become  polished  by  friction  tLan  iiou  •  thè 
rapid  wear  and  tear,  however,  requiring  often  and  expensive  renewing  of  the  blocks,  Lave  induced 
many  engineers  to  substitute  metal,  and  especially  iion,  in  place  of  wcod. 

The  use  of  self-acting  brakes  in  engines  of  Engerth's  system  requires  great  care  in  descending 
inclines  of  8  millimètres  near  Loxeville.      The  wooden  biake-Lkcks  of  the  tender  catch  fin 
often,  and  are  entirely  destroyed  when  the  train  reaches  the  station.      In   order  to  ¡i event  this 
inconvenience,  iron  blocks  have  been  substituted  for  the  wooden  ones. 

The  following  are  the  results  of  that  applicatiun  :— 

1.  With  wooden  brake-blocks  the  wheels  of  the  tender  had  to  be  stepped  in  order  to  prevent 
heating  and  the  returning  of  the  tires  after  a  run  of  9000  kilomètres.  Since  iron  1  rake-1  1.  cks 
are  adopted  on  some  of  the  French  railways,  the  wheels  are  allow  ed  to  turn  slcv  ¡din- 
inclines;  several  tenders  have  already  run  over  12,000  kilometres  without  the  tire«  oí  the  wheels 
requiring  to  be  cooled. 

2.  The  wear  and  tear  of  the  iron  brake-blocks  has  been  14  or  15  millimtties  fe<r  an  average 
distance  of  15,000  kilomètres. 

Those  results  have  been  fully  confirmed  by  the  experiments  made  with  Stilmant's  biafa  :  a!  d 
it  has  since  been  found  that  a  better  retardation  of  the  motion  of  the  tiain  is  obtained  if  the 
blocks  are  not  pressed  upon  the  wheels  during  the  whole  time  req  uired  1er  the  su  pj  ing  of  a  train, 
but  are  lifted  up  and  pressed  upon  again  at  very  short  intervals. 

It  has  been,  however,  observed  that  the  tires  of  the  wheels,    especially  these  of  the  tender,  and 
the  iron  brake-blocks  used  at  presant,  ac  juire  very  quickly,  not   enly  the  shape  shown  in  Fig 
but  often  deep  grooves  are  cut  around  the  whole  circumference    of  the  tires.     1  ■>  -  i  r 

produced  either  by  grains  of  sand,  which  find  their  way  between  the  tires  and  the  brake-1  locks, 
or  by  impurities  of  the  iron.  In  order  to  prevent  this  disadvantage,  M.  Stilmant  has  proposi d 
brake-blocks  of  cast  steel,  shown  in  transverse  section,  Fig.  1227.  The  surface  of  ih  -<  I 
which  comes  in  contact  with  the  tires  of  the  wheels,  is  divided  into  two  equal  jarts  of  '.'■-  milli- 
mètres width;  the  central  groove  has  a  width  of  20  millimètres  and  a  depth  oí  ¿)o'  millimetri.-, 
which  gives  sufficient  room  for  a  current  of  air  to  pass  through. 
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To  find  by  Calculation  the  Pressure  and  Power  of  thii  Brake. — It  will  be  Been  fiom  Fig 
the  brake  is  composed  of  a  combination  of  different  simple  machin«  s.  which  can  act  each 
and  transfer  the  produced  effect  successively  from  one  uj  on  the  otl  er,  and  acci  i.  ulate 
considerable  pressure,  which  it  would  be  impossible  to  obtain,  under  the  käme  io  I 
or  the  othej"  of  these  simple  machines  alone. 

The  obtained  pressure  is  very  \ariable,  and  depends  chiefly  up.  n  Ihe  \ 
exercised  by  the  guard  upon  the  handle  or  wheel  of  the  screw. 
Keferriñg  to  Fig.  1228,  and  putting    0 

K  =  0m-220,  the  length  of  the  handle  or  the  radius  of  the  brake-wheel  ; 

r   —  0n-023,  the  radius  of  the  brake-screw  ; 

h   =  0"  -04:4,  the  thread  of  the  screw: 

f  =  0-08,  the  coefficient  of  friction  of  the  screw;  and 

P  =  30s .  the  force  of  the  guard  on  the  handle  or  the  win  el  ; 


I 

-  Ü  at 
it<  1> . 
h  a.-  a  \e  y 
»us,  1 J 


we  get  as  the  work  of  the  screw  the  pressure  Q 


PB      -  - 


■ 
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ht ¡tutcd,  wc  have  Q 


30x0-22      2  x  314  x  0-023 -0-08  x  0-044 
V  0-014  +  2  X3-14  x  0023  x  0:0S 


727k-89,  or  about  728 


0  023 

Y'li. •  !îV.  -tivr-  weight  of  the  suspension-rods  cc  =  16k  has  to  be  added  to  this  pressure,  so  that 
thv  total  force  ¡it  the  end  of  the  lever  b  is  equal  to  Q  =  P,  =  728  4-  16  =  744  kilogrammes 
Calling,  therefore, 

L   =  2m  -065,  the  length  of  the  lever  b  ; 
p    =  80w ,  its  own  weight  reduced  to  the  centre  of  gravity  ; 

L   =  O'n,970,  distance  of  centre  of  gravity  from  the  centre  of  the  horizontal  shaft  ; 
/  '  =  0m-3(Jo',  length  of  the  small  levers; 

1    _  igkt  weight  of  the  lever  reduced  to  its  centre  of  gravity  ;  and 
/  '   =  0m,200,  distance  of  centre  of  gravity  from  the  centre  of  the  horizontal  shaft  ; 

the  pressure  produced  by  the  lever  is  equal  to  Ql  =  — P-j1 ^  ;  or  substituting  again 

744x2-005  4-80  x  0-97  +  18  x  0-2        .,D1.    ._  .     4AQa 

the  given  values,  Ql  = ^q5 =  4431^-67,  or  very  nearly  4432 

Adding  again  the  effective  weights  of  the  suspension-rods  nn,  of  the  bolts  for  the  joints  of  the 
wedges  &o  ,  equal  to  53  kilogrammes,  we  get  the  total  pressure  produced  upon  the  wedges, 
Qt  =  P2  =  4432  +  53  =  4485  kilogrammes. 

Taking,  finally,  the  angle  formed  by  the  two  parts  of  the  wedges  at  the  moment  the  brake  is 
applied    a-  19°  "therefore  ß  =  80°  30',  and  /,  =  0*18  the  coefficient  of  friction  of  the  wedges, 

*   rx  tang-   ß   +    2  A    +  f\     tanâ'-    &  tí 

we  get  altogether  the  considerable  pressure  of  Q2  = 27T+7  tang  fl) *     2'  °r 

_  togjCPjO;  ± L2 [» :  OOg+Ojgxtog.  80-30-         =  2.ß99      ^  ="  kilogrammes, 

^2  -  2(1  +  0-18  x  tang.  80° 30')  , 


Q2      12105 


3026  kilogrammes. 


which  gives  a  pressure  upon  each  brake-block  of -^ 

This  pressure  is  considerably  increased  by  the  impulse  given  to  the  blocks  from  the  wheels  as 
they  rotate  :  according  to  experiments  made  with  the  pressure  or  coupling  rods  s  s,  it  can  be  taken 
as  1500  or  5000  kilogrammes.  Now,  if  the  coefficient  of  friction  of  the  block  be  put  equal  to  0*4, 
the  effort  of  this  friction  will  be  T  =  4500  x  0-4  =  1800  kilogrammes,  which  is  much  greater  than 
the  adhesion  of  the  wheels. 

Time  required  for  the  Action  of  the  Brake. — Although  the  stopping  of  wheels  by  means  of  screw- 
brakes  is  generally  considered  a  slow  operation,  yet  stopping  a  train  by  Stilmant's  system  is  an 
exception,  on  account  of  the  rapidity  of  its  action,  which  is  as  prompt  as  in  the  best  constructions, 
while  at  the  same  time  it  possesses  many  other  advantages.  Besides,  the  small  space  between  the 
brake-blocks  and  the  tires  of  the  wheels  very  much  facilitates  the  quick  and  effective  action  of 
Stilmant's  brake. 

Supposing  now  that  in  a  well-constructed  brake  the  distance  between  blocks  and  tires  is 
equal  to  O^-OOS,  and  taking  the  play  between  the  axle-boxes  and  the  plates  in  which  they  move 
to  equal  0m-003,  we  find  : — That  the  friction  between  the  blocks  and  the  tires  of  the  wheels  only 
commences  when  the  blocks  will  have  passed  through  a  distance  of  0m'003  (a);  and  that  the 
braking  of  the  wheels  takes  place  immediately  after  a  distance  of  0m-006  (which  may  be  less)  is 
passed  (>>). 

It  is  thus  necessary  to  determine  the  distance  B  B1  =  C  Cl5  Fig.  1229,  which  the  wedges  have  to 
travel  before  the  blocks  touch  the  wheels 


Por  ti, i-  purpose  we  find  in  the  triangle  E  DF,  at  first,  that  E  =  -  =  llo30',andDF  =  0m-003; 

1":'1    '':       g       9    B0'»  :""'    "  V      °""(,():{:   and  consequently  (a)  for  the  contact  between 
M»d   tires;    EF=  BB,  =  DF  eotang;  K,  or  BB,  =0-008  cotang.  11°  30'  =  0«*-  01472, 
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whence  the  distance  travelled  by  the  end  of  the  long  lever  6,  H  K  = _  -  0m  •  0834 

0 • 365  ' 

or  the  number  of  revolutions  of  the  handle  of  wheel,  if  the  thread  of  the  screw  is  equal  0m  •  044, 

0 ■ 0834 
n  =  --  =  1  •  9  revolutions.     For  the  stopping  of  the  wheels  (6),  EF  =  BBX=DF  cotang.  E, 


B  B1  =  0-003  cotang.  9°  30'  =  0 


01793,  whence  the  distance  travelled  by  the  lever, 

0-01793x2-065       n     ^MA 
K  J  =    ■  —  =  0m-1014, 


0-365 
and  the  number  of  revolutions  of  the  handle  or  brake-wheel  n 


=  2-3.    Thus  the  total 

distance  through  which  the  end  of  the  lever  b  has  to  move  will  be  H  J  =  0  ■  0834  +  0  ■  1014 

0 ■ 1848 
or  n=    „  nAi-  =  4-2  revolutions,  requiring  about  10  or  12  seconds. 


0m-1848, 
An  express  train,  running 


0-044 

60  kilomètres  an  hour  or  16m  •  66  a  second,  can  therefore  be  stopped  by  means  of  two  of  Stilmant's 
brakes  upon  a  length  of  less  than  500  mètres  ;  this  result  has  been  corroborated  by  experiments. 

Construction  of,  and  Work  done  by,  the  Principal  Parts  of  the  Brake. — Amongst  the  many  parts 
which  compose  the  mechanism  of  the  brake,  there  is  a  certain  number,  the  dimensions  of  which 
ought  to  be  carefully  calculated.  These  parts  are  : — The  shank  of  the  screw  (a)  ;  the  rods  trans- 
mitting the  pressure  of  the  screw  to  the  lever  (ò)  ;  the  main  lever  (c)  ;  the  two  small  levers  (d)  ; 
the  brake-shaft  (e)  ;  and  the  coupling  or  pressure  rods  (/). 

Screw  of  the  Stem  or  Shank  of  the  Brake  (a). — Suppose  the  minimum  diameter  of  the  stem  of  the 

R     T 

screw,  Fig.  1230,  be  0m-035.  and  taking  the  same  values  given  above,  we  get  P  r  =  — —  ,  or  sub- 


■K  d3 
"Ï6" 


Pr  = 


Bx  71- 

16 


,  whence  Rx  = 


16  P 


or  introducing  the  values, 


stituting  for  —  its  value 
n 

16  x  30  x  0*22 
Rj  =  — — .  =  784400  kilogrammes,  or  about  0k,800  to  the  square  millimètre.     Taking 

O  *  -L*±  X   y)  '  yJoo 

the  modulus  of  elasticity  for  the  torsion,  G  =  6600000000  kilogrammes,  we  find  the  angle  of 
torsion,  t  =  •   or  substituting  again  for  J  its  value  =  -— -  0  ■  098  d\   t  =  „ ,,  ^  ,  or 


JG 

30  x  0-22  x  1-5 


0-098  x  0-0354  x  6600000000 

1230. 


32 
0°-0102,  that  is  to  say,  0°  0'  36"  7. 


0-098  d4  G' 


1231. 


1232. 


Í 


3% 


Bods  Transmitting  the  Pressure  to  the  Lever  (6),  Fig.  1231. — The  pressure  which  has  to  be  trans- 
mitted, as  has  been  shown  previously,  is  equal  to  744  kilogrammes  ;  therefore  for  each  pair  of  rods 

744 
(there  being  always  two)  —  =  372  kilogrammes.    We  thus  obtain  P  L2  =  7r2  J  E  ;  or  substituting 
2 


for  J  its  value 


b*h 
~ÌT' 


PL2 


6UE 


whence  E 


12  PL2 


12       '  7r263/i    • 

When  the  corresponding  values  are  introduced,  we  have 

19  v  379  v  0-Q2 
E  =  3-14' x  0  023x0-0-5  =  10185465°°  kiIoo—  • 

-£-=; ,  whence  i  =  -r-=  ;   or  substituting  the  values, 

372  x  0-9 


Now,      E 


=  0m- 000365. 
0-0009  x  1018546500 

t  is  the  shortening  and  A  the  area  of  the  transverse  section  of  the  rod 


The  Main  Lever  (c),  Fig.  1232.— The  force  acting  at  the  end  of  the  lever  is  again,  as  in  the  case 
above,  P  =  744  kilogrammes,  besides  the  weight  p  of  the  lever,  which  acts  at  its  centre  of  gravity. 
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The  equation  for  equilibrium  will  be  (P  4-  £  p)  P>  =  —  ;  or  substituting  for  —  its  value,  ve 

R  ¡j  (¿3  _  Jt  3\ 

obtain,  for  the  section  taken  in  the  central  axis,  (P  +  ±p)  L  =         — — — —  ,  whence 


Qh 


ÜA(P  +  ¿;0L.  6  x  0-17  x  (744  +  40)  x  2-065 


303G100  kilo 


grammes. 


b(h*  —  h*)     '  0-13  x  (0-173-0-093) 

sa?   about   3   kilogrammes   to  a   square  millimetre;    for.  the  section  taken  before  the   centre, 

t        KW,-1                          6L(P  +  |J>)    ft   -p       6x  1-98(744  +  40) 
«  P  +  I  p)  L  =  —    whence  R  = - ,  or  R  =         Q.Q4  x  q.^ 

grammes  that  is  to  say.  about  8  kilogrammes  per  square  millimètre. 

4  (P  +  j*)  1? 


=  8057024  kilo- 


The  flexure  of  the  lever  is  obtained  by  the  formula  /  = 


E6Á3 


/ 


4  x  784  x  2  0653 


—  =  0m  •  007  ;  say,  7  millimètres. 


20000000000  x  0-04  x  0-173 
The  Small  Levers  (d),  Fig.  1233. — There  are  also  two  of  these  levers,  and  they  are  formed  like  a 
fork.     The  strain  upon  each  of  them  will  be 

-(744 -f- 40)  x  2-065-1       0       00101, 

inro^365 — J  - * =  2213  kllogmmes: 

T>    T  T 

and  the  equation  for  equilibrium  is  thus  again  (P  4-  \  p)  I  =  —  ;  or  substituting  for  -  its  Corre- 
li J>  (7j3  ]i  3\ 

sponding  value,  we  get,  for  the  section  at  the  centre,  (P  +  \p¿)  I  =   — — ,  whence 


p^S£j-4A.[i 


(P+'ip,)  6hl  (2213  +  4-5)  x  6  x  0-135  x  0-365 

R  =     6  (Ä3  -l^j~  '  °r       "   "    — 0;13  (0:1353 -W853)~~ 
to  say,  2k  ■  633  to  the  square  millimètre  ;  for  the  section  before  the  centre,  (P  +  -|  p)  I 


Gh 
=  2633000  kilogrammes,  that  is 

R6Ä2 


whence  R 


(P  +  ipt)  x  61 

6  A2  ' 


R 


(2213  +  4-5)  x  6  x  0-298 


8  kilogrammes  per  square  millimètre. 
The  flexure  of  these  levers  will  be  /  = 


1233. 


0-03  x  0-132 

(2213  +  4-5)  x  4  x  Q-3653 
20000000000  x  0-03  x  0-1353 

1234. 


=  7824240  kilogrammes,  or  about 


0,n-  0003. 


UaG^T 


Brake-Shaft  (<?),  Fig.  1234.— The  brake-shaft  is  submitted  to  two  different  strains,  the  one 
acting  by  fiexure  and  the  other  by  torsion.  The  first  one  is  insignificant,  and  we  shall  only 
consider  the  other. 

The  moment  of  torsion  for  the  part  ?,  is  M  =  (P  +  $p)  r  ^- ,  which  has  to  be  kept  in  equilibrium 

by  the  moment  of  resistance,  M  =  R'  J  =  R'  v  d*  ,     We 


whence  R, 


n 
,  or  R,  = 


.  ~  get,  therefore,  (P  +  \p)  r  —  = 


CP  +  i^)16r/    __„        (744  +  40)  x  16  x  2-065  x  0-99 


*<PL  3-14  x  0-0853  x  1-5 

or  rery  aearly  9  kilogrammes  to  the  square  millimètre. 


16      ' 
SS73470  kilogrammes, 


Por  the  part  I  of  the  shaft,  the  moment  of  torsion  is  M  =  (P  +  %p)  r^  ,  therefore,  as  above, 

L 


R,= 


(  '  +    r)  '   L       -18"  '  When0e  R'  =        V¿  L L  '  °r 

(71!  +  40)  x  16  x 2-005  x  0-51 

...  |  |  -  ()()SV  x  1.r)         ■  =  4571180  kilogrammes, 

•"'  ]■■  r  square  millimetri . 
Finally  taking  <;      6600000000  kilogrammes,  we  find  for  the  angle  of  torsion 
,      (l>  0*  +  .»'•//,  (744  +  40)  x  2-065  x  0-99  x_Qv51 

•l  Q  L  0098  if  ÖL'    '  0-098  x  o-os5»  x  66000Ö0ÖÖÖ  x  1-5  ~  °    01614>   or 

i  i      o   o'  58' 
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Coupling  or  Pressure  Rods  (/),  Fig.  1235. — The  pressure  upon  each,  brake-block  has  been  pre- 
viously ascertained  to  be  4500  kilogrammes. 

1235.  i 


:T5F^g- 


I 
The  equation  of  the  equilibrium  of  these  rods  is  P  L2  =  tt2  J  E  ;  or  substituting  for  J  its 

value  ^  -£-d*  =  0-0491,  we  find  PP  =  tt2  0-0491  d2  E,  whence  E  =     „    P  L'-_ ..    or 
64  ir   0'0491  a4 

4500  x  2"  030 
E  =  3ä42^T0-0491xO-05^  =  2100000000  kilogrammes. 
PL  _    PL  _  J1500  x_2-030 

A  E  ~  r27rE  '°r  ~  0-02752  x  3;14  x~210ÖÖOOOÖÖ 
In  conclusion,  we  give  diagrams  representing  some  of  the  different  types  of  brake  frequently 
used. 

Fig.  1236  shows  the  arrangement  of  a  brake  applied  to  tenders  on  the  Western  Railway  of 
France.  This  brake  shows  at  the  same  time  with  what  facility  eight  brake-blocks  may  be  adopted 
instead  of  two. 


1236. 


Now, 


0m-0019. 


Fig.  1237  shows  the  brake  for  the  goods  wagons  on  the  Eastern  Railway  of  Francs 

1237.  <—&—* 


Fig.  1238,  brake  as  adopted  on  the  Northern  Railway.    A  screw  with  a  thread  of  only  12 
millimètres  transfers  the  pressure  directly  to  the  wedges. 


1239. 
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Fig.  1239  shows  a  hand-brake,  acting  either  upon  one  wheel  only,  or  upon  the  two  wheels  at 
the  same  time. 
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The  weights  of  the  brakes  of  these  different  systems  are  : — 

1.  For  the  brake  of  the  tender,  Fig.  1236,  with  eight  brake-blocks,  about  800  or  950  kilo- 
grammes, of  which  200  kilogrammes  are  of  cast  iron. 

2.  For  the  same  brake  with  four  blocks  only,  between  700  and  800  kilogrammes,  of  which 
about  150  kilogrammes  are  of  cast  iron. 

3.  For  the  brake  of  the  goods  wagons,  as  shown  in  Fig.  1237,  between  600  and  650  kilo- 
grammes, of  which  about  90  kilogrammes  are  of  cast  iron,  and 

4.  For  the  hand-brake,  Fig.  1239,  between  240  and  260  kilogrammes,  of  which  60  kilogrammes 
arc  of  cast  iron. 

Numerous  brakes  have  been  invented  for  stopping  railway  carriages,  but  nearly  all  of  them  act 
upon  the  same  general  principle,  and  are  simply  different  methods  of  pressing  blocks  of  wood 
against  the  circumference  of  the  wheel,  so  as  to  stop  its  revolution,  and  cause  the  tire  to  slide  upon 
the  rails. 

If  the  wheels  are  all  stopped,  the  friction  of  the  weight  of  the  carriage  sliding  upon  the  rails 
is  the  whole  amount  of  braking  power  that  can  be  obtained  by  any  of  the  plans  ;  and  the  different 
methods  used  to  accomplish  this  add  no  power  for  stopping  the  carriages,  but  are  only  different 
ways  of  pressing  the  brake-blocks  against  the  tires,  for  the  purpose  of  ensuring  greater  rapidity, 
certainty,  and  uniformity  of  action,  reducing  the  expenses  of  repairs,  and  the  jarring  on  the  car- 
riage— or  to  make  the  brakes  self-acting,  or  worked  in  combination, 

The  principal  object  to  be  obtained  is  to  have  the  blocks  always  pressed  square  against  the 
wheels,  and  with  a  uniform  pressure  on  all  the  wheels  of  the  same  carriage  or  wagon  ;  unless  this 
is  effected  there  is  great  difficulty  in  stopping  the  wheels,  and  much  straining  is  caused  upon  the 
carriage.  In  the  earlier  brakes  the  block  is  suspended  by  a  vertical  lever  from  the  frame  of  the 
carriage  or  wagon,  as  shown  in  Fig.  1240,  the  block  A  being  shaped  to  the  circle  of  the  wheel  ;  but 
the  varying  height  of  the  frame  of  the  carriage,  from  the  variation  in  the  weight  of  load  acting  on  the 
springs,  causes  much  inequality  in  the  fitting  of  the  brake-block  to  the  wheel,  from  the  relative  level 
of  the  brake-block  and  the  wheel  being  changed,  as  shown  by  the  dotted  line  B  B  ;  also,  the  action 
of  the  springs  is  stopped  by  the  pressure  of  the  brake,  causing  violent  jarring  and  concussions, 
injurious  both  to  the  carriage  and  the  road,  and  being  very  annoying  to  passengers. 


1240. 


1241. 


Slidins;  Brake. 


Hanging  Brake 


The  slide-brakes,  like  those  shown 
in  Figs.  1241,  1242,  were  invented  for 
the  purpose  of  remedying  these  de- 
fects. The  relative  level  of  the  wheel 
and  the  brake-block  is  preserved  un- 
changed, by  the  brake-block  A  sliding 
horizontally  upon  a  bar  BB,  which  is 

carried  by  the  ¡ixle-hnxos  at  each  end, 

O  ;  a  difficulty  is  experienced,  however,  in  preserving  an  equal  pressure  on  all  the  brake-blocks,  on 

ace,, mit  of  the  unequal  wearing  of  the  different  bearings. 

Davis'  brake,  Pig.  1242,  consists  in  the  arrangement  of  a  series  of  levers,  rods,  and  springs, 
which  are  made  to  operate  upon  the  brakes;  so  that  when  the  locomotive  ceases  to  propel  the 
trow  lie  brake  is  applied  to  the  wheels,  and  released  when  the  locomotive  is  started.  The  sliding 
:,r  ",'"  «  effected  by  the  use  of  rods  j  //,  /,  m,  which  are  thrown  into  or  out  of  action  by  the 
catch  v.  I  he  reciprocating  motion  is  maintained  by  compound  levers  acted  upon  at  x,  and  springs 
placed  at  zz.  viva 

All  the  above  brakes  have,  however,  the  serious  objection  that  flat  places  are  worn  upon  the 
tins  ul  the  wheels,  by  sliding  apon  the  rails;  and  the  wheels  consequently  become,  to  a  certain 
aegree,  P°W>nal.  Any  deviation  from  the  circular  form  of  the  wheel  becomes  a  serious  source  of 
injury  both  to  the  rails  and  the  wheel,  from  Hie  amount  of  concussion  caused  by  the  great  velocity 
•  roiling,  and  the  great  weight  carried  ¡  this  also  causes  increased  expense  in  the  wear  of  the  tires 
ano  rails.  r 

Lee's  brake,  Pig.  1213   the  wooden  brake-block  A  is  made  of  a  triangular  form,  and  is 

ltlfl*  the  ^"'•1  «£  'he  rail  by  the  lever  15,  winch  is  centred  upon  the  nave  of  the 

''     '     -    ""  ;l,u  «  !l  1',n-  '"'  «>llar  ÛttlDg  in  a  circular  groove  cut  round  the  nave  ;  the  rubbing 


BEAKE. 


595 


face  of  the  wood  block  is  shod  with  copper  or  iron.  The  connecting-rods  D  D  have  adjusting- 
screws,  to  preserve  the  relative  position  of  the  brake-block  A  and  the  wheel,  as  the  surface  of 
the  block  wears  away 

The  mechanical  arrangement  of  this  brake,  1243 

it  will  be  perceived,  does  not  admit  of  sufficient 
pressure  being  applied  against  the  wheel  and 
the  rail  to  form  an  efficient  brake  ;  but  even  if 
the  pressure  were  sufficient  to  stop  the  wheel, 
the  same  objection  would  still  apply  as  in  the 
ordinary  brake,  namely,  flat  places  would  be 
worn  on  the  wheel.  This  brake  was  tried  on 
one  or  two  railways,  but  has  not  come  into  use. 

Adams's  brake,  Fig.  1244,  consists  of  a 
sledge  A  A  sliding  upon  the  rails,  upon  which 
the  whole  weight  of  the  carriage  is  thrown  by 
lifting  the  wheels  off  the  rails.  The  sledge  A  A 
is  a  long  piece  of  iron,  with  a  flange  at  each 
end  to  guide  it  on  the  rails,  and  is  suspended 
by  two  links  B  B  from  the  iron  bar  C  C,  which  is 
supported  by  the  links  D  D,  and  bears  against 

the  under-side  of  the  axle-box  at  each  end,  E  E  ;  Lee's  Brake, 

the  links  B  B  are  in  the  form  of  a  parallel  rule, 

and  when  they  are  straightened  by  the  action  of  the  lever,  the  sledge  A  A  is  pressed  upon  the 
rails,  and  lifts  up  the  wheels  from  their  bearing  on  them.     This  brake  saves  the  wheels  from 


1244. 


being  worn  flat  ;  but  it  requires  great  power  to  put  the  whole  weight  of  the  carriage  upon  the 
sledge,  and  is  consequently  slow  in  action  ;  and  there  is  also  an  objection  to  it  in  having  the 
wheels  hanging  without  any  support  when  the  brake  is  in  action.  It  has  not  come  into  use  in 
England,  but  several  brakes  on  this  principle  have  been  used  in  Belgium  for  some  time  pre- 
viously. 

Handley's  brake,  Fig.  1245.     This  brake  is  on  the  same  principle  as  the  ordinary  skid  used  on 
common  roads  ;  the  two  iron  arms  A  A  are  carried  by  the  axle  B,  upon  which  a  brass  ring  H  is  fitted, 

1245. 


turning  round  the  axle  ;  and  at  the  end  of  these  arms  are  fixed  the  shoes  or  skids  C  C,  one  of  which 
is  made  to  pass  under  the  wheel,  whichever  way  the  carriage  is  running,  raising  it  from  the  rails 
by  turning  the  lever  round  upon  the  axle.  The  shoe  is  made  the  breadth  of  the  tread  of  the  wheel, 
without  any  flange,  and  the  wheel  is  lifted  only  about  |  of  an  in.  on  the  average,  so  that  the  flange 
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of  the  wheel  continues  as  efficient  and  secure  a  guide  upon  the  rails  as  in  the  ordinary  case  of  a 
wheel  stopped  from  revolving  by  the  pressure  of  a  brake-block.  The  shoe  is  made  in  two  pieces  : 
the  upper  one,  C,  is  forged  on  to  the  arm  A,  and  the  lower  piece,  D,  which  forms  the  skid,  is 
hinged  to  it  at  the  end.  The  object  of  this  construction  is  to  prevent  the  shoe  from  touching  the 
wheel  until  it  is  required  to  be  put  in  action  ;  the  joint  opens  about  \  of  an  in.,  and  the  shoe  falls 
away  from  the  wheel  when  it  is  lifted,  being  stopped  by  the  bolt  E,  which  limits  the  extent  of  its 
opening:  and  round  this  bolt  is  placed  a  short  spiral  spring,  to  keep  the  joint  open,  and  prevent 
it  from  shaking  when  the  carriage  is  running. 

The  wear  of  the  shoe  is  provided  for  by  inserting  two  small  dove-tailed  pieces,  F  and  G,  at 
the  points  where  the  wear  takes  place  ;  these  pieces  are  slightly  tapered,  and  are  driven  into  their 
places  from  the  inner  side,  being  burred  or  riveted  on  the  opposite  side,  where  they  remain  firmly 
fixed,  having  no  tendency  to  work  loose.  The  lower  piece  is  of  wrought  iron,  which  is  found  to 
answer  best  for  the  purpose  ;  the  upper  one,  F,  which  carries  the  wheel,  is  of  cast  iron.  It  has  very 
little  wear  upon  it,  but  is  changed  occasionally  for  a  piece  of  greater  thickness,  to  allow  for  the 
wear  of  the  shoe-plate  G,  and  preserve  the  total  thickness  of  the  shoe,  within  very  little  variation, 
so  as  to  prevent  much  difference  in  the  height  that  the  wheel  is  lifted  from  the  rails. 

This  brake  is  easily  and  quickly  applied,  by  means  of  the  lever  L  acting  on  the  upper  arm  of 
the  brake  K,  as  the  carriage  runs  upon  the  shoe  when  it  is  pressed  under  the  wheel.  The  ordinary 
brake-screw,  lever,  and  cross-shaft,  are  available  for  working  this  brake. 

The  brake,  Figs.  1246,  1247,  invented  by  D.  Goodnow,  of  Albany,  U.S.,  is  very  ingeniously 
arranged.  The  object  the  inventor  had  in  view  was  to  obviate  those  accidents  that  arise  from 
applying  the  brakes  of  a  railroad  car  to  the  outer  sides  of  the  four  wheels  of  the  truck,  by  a 
compact  arrangement  of  the  brakes  in  the  centre  between  the  wheels  of  the  trucks,  thereby 
exposing  them  to  less  danger  of  breaking,  or  their  parts  becoming  detached.  This  arrangement 
further  consists  in  so  constructing  the  brake-bars,  in  combination  with  the  jaw-braces  of  the 
trucks,  that  in  case  the  bars  are  broken  they  cannot  fall  to  the  track  and  obstruct  the  wheels  ; 
further,  in  operating  the  two  brakes  conjointly  by  the  direct  endwise  thrust  of  a  short  con- 
necting-bar, both  brake-blocks  are  made  to  act  upon  the  wheels  simultaneously. 


1247. 


1246. 


The  brake-bars  F,  F,  Fig.  1246,  extend  beyond  the  jaw-braces  /,  /,  to  which  they  are  connected 
by  the  yokes  t,  Í.  In  Fig.  1247,  E  represents  the  position  of  the  plank  or  hang-frame  in  relation 
to  the  brake-bars  F,  F  and  the  guide  and  safety  rods  k,  k.  How  the  brake-bars  F,  F,  lever  G,  G\ 
connecting-bar  N ,  car-bearing  E,  and  truck  wheels  B,  B,  are  combined  and  arranged,  is  clearly 
shown  in  Figs.  1246,  1247.  J 

Now  we  propose  to  place  the  subject  of  this  article  in  a  clear  light,  and  in  a  plain  practical 
form  ;  since  it  lias  been  handled  in  an  erroneous,  an  obscure,  or  a  slovenly  manner,  by  most  mechanical 
writers  and  experimentalists.  J  J 

A  carriage  on  a  level  railroad  only  requires  a  pressure  of  about  ^  part  of  the  moving  weight 
togiye  it  .notion  or  from  4  to  8  lbs.  a  ton.  The  fraction  -fo  is  called  the  coefficient  of  friction; 
as  th. •,«.  coefficients  become  smaller,  the  rubbing  surfaces  become  smoother.  All  constant  resist- 
ances may  (»e  expressed  in  a  similar  manner. 

The  work  of  every  machine  is  consumed  by  the  work  done,  or  by  the  useful  work,  together  with 
Ilio  useless  work,  or  the  work  destroyed  by  the  friction  of  the  parts  of  the  machine.  We  will  here 
explain  one  „I  the  most  beautiful  laws  of  motion:  When  the  work  applied  exceeds  the  work  con- 
tinued the  n dun,  .„Work  goes  to  increase  the  speed  of  the  parts  of  the  machine,  and  at  the 
Bame  fame,  like  the  fly-wheel,  acts  as  a  reservoir  of  work.  This  acceleration  goes  on  increasing 
Zí!!'sulufnrí       resistanccs  +  the  uscful  M*  =  **•  «»*  applied  ;  and  then  the  motion  of  the  machine 

For  example,  in  a  railroad  engine  and  train,  at  first  the  work  of  the  engine  exceeds  the  work 
o       o  r,,.,;ill,(,s        ,  hence  tie  speed  of  the  engine  goes  on  increasing;  but,  as  the  speed 

;■•  ><■>  the  work  of  the  reastenoes  also  increases,  so  that  ultimately  the  engine  attains  a  nearly 
omform  motaon,  which  is  called  the  greatest  or  maximum  speed,  and  then  the  work  destroved  by 
1  be  exactly  equal  to  the  work  applied  by  the  movin- 


i  »camples  will  make  this  law  cl<  ar. 


power.    A  few  simple 
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Ques. — Required  the  effective  horse-power  of  a  locomotive  engine  which  moves  at  a  steady  speed 
of  23  miles  an  hour  upon  a  level  rail,  the  weight  of  the  train  being  100  tons,  and  the  constant 
resistances  amounting  to  5  lbs.  a  ton  ? 

Put  x  =  the  required  horse-power. 

The  work  of  the  engine  a  minute  =  x  x  33000  units  of  work. 

The  resistance  =  5  x  100  =  500  lbs. 

23  x  5280 

The  distance  moved  a  minute  = — =  2024  ft.  ;  or  33|i  ft.  a  second. 

Work  to  overcome  the  constant  resistances,  in  a  minute  =  2024  x  500  =  1012000  units  of  work. 
But  as  the  speed  of  the  train  is  uniform,  the  work  of  the  resistances  will  be  equal  to  the 
effective  work  of  the  engine  : 

.-.    x  x  33000  =  1012000  .-.    x  =  =30*7  horse-power. 

Now  suppose  the  uniform  resistances  and  the  power  of  the  locomotive  to  be  removed,  then  the 
train  would  move  for  a  short  time  with  a  velocity  (v)  of  33-ì-ì-  ft.  a  second,  but  would  come  to  rest 
after  passing  over  a  space  (s)  of  7900 '888  ft.,  when  opposed  by  the  constant  resistance  (/)  of 
500  lbs.  on  the  level  rails. 

If  the  constant  resistance  (/)  be  1000  lbs.,  this  train  would  come  to  rest  when  s  =  3950*444  ft. 
When  /  =  2000  lbs.,  then  s  =  1975  ■  222  ft.,  and  so  on.     The  units  of  work  conserved  in  a  body 

W       v2 
weighing  W  lbs.,  moving  with  a  velocity  of  v  ft.  a  second,  is  equal  to  —  x  — -  .      See  Byrne's 

g         2 

'  Essential  Elements  of  Practical  Mechanics,'  p.  97.    In  this  case  g  =  32  •  2  lbs.,  the  supposed 

W 

weight  of  a  unit  of  mass.     —  is  termed  the  mass  of  a  body  whose  weight  is  W  lbs. 

W       v2       100  tons  x  2240       (33i|)2       oaKtxAAA       ...     ,       , 
Whence  —  X  —  = — -^ x        ¿5      =  3950444  units  of  work  ; 

and /s  =    500  x  7900-888  =  3950444, 
or /s  =  1000  x  3950-444  =  3950444, 
or /s  =  2000  x  1975-222  =  3950444,  and  so  on. 
Ques. — What  is  the  rate  in  miles  an  hour  of  a  train  of  80  tons,  drawn  by  an  engine  of  70 
horse-power,  when  the  constant  resistances  amount  to  8  lbs.  a  ton  ? 
Call  x  the  uniform  speed  in  miles  an  hour. 

Work  used  in  moving  the  train  x  miles  =  80  x  8  x  5280  x  x  ;  this  is  the  work  done  by  the 
engine  in  an  hour.    But  the  work  done  by  the  engine  in  an  hour  will  also  be  expressed  by 

33000  X  70  x  60  ; 

. .    33000  x  70  x  60  =  80  x  8  x  5280  x  x  ;       .-.    x  =  8f?°0  *  7°  *  Ü°  =  48-02  miles. 

80  x  8  x  5280 

When  the  propelling  power  ceases  to  act,  and  a  constant  resistance  of  11200  lbs.  (/)  (five 
tons)  is  applied,  then  this  train  will  come  to  rest  after  passing  over  a  space  (s)  of  894  ft.  Since 
the  uniform  velocity  (v)  in  this  case  is  60  ft.  a  second, 

.,     J  x  *  =  8±|f^  x  «52*  =  10017392  units  of  work; 

but,  /  x  s  -  11200  x  894  =  10012800  units  of  work. 

Ques. — An  engine  of  48  horse-power  moves  with  a  maximum  speed  of  33  miles  an  hour  on  a 

level  rail  ;  required  the  gross  load  of  the  train,  when  the  constant  resistances  amount  to  6  lbs.  a  ton  ? 

Let  x  be  the  gross  weight  of  the  train  in  tons  ;  then  the  work  consumed  an  hour  in  moving  the 

train  =  x  x  6  x  33  x  5280. 

Work  of  the  engine  an  hour  =  48  x  33000  x  60. 

When  the  speed  is  uniform  or  at  its  maximum,  x  x  6  x  33  X  5280  =  48  x  33000  x  60  ; 

48  x  33000  x  60       nA      . 

••■     ^-6^33^-528F  =  90-tonS- 

W       v2       1000       2240       (48  *4)2 

In  this  example  /  s  =  7407307  units  of  work  =  —  x  —  =  -— , --  x  ■       „  x —  .     Hence  a 

g         2  11         32-2  2 

constant  resistance  (/)  of  3000  lbs.  will  bring  this  train  to  rest  after  it  has  passed  over  a  space  (s) 

of  2469-102  ft.,  for/  s  =  3000  x  2469-102  =  7407307  units  of  work. 

Ques. — In  whatntime  will  an  engine  of  66  horse-power,  moving  a  train  of  200  tons,  complete  a 

journey  of  100  miles,  friction  and  other  constant  resistances  amounting  to  5  lbs.  a  ton,  rails 

horizontal  ? 

Work  expended  in  moving  the  train  100  miles  =  100  x  5280  x  200  x  5  =  528000000. 

Work  of  the  engine  an  hour  =  33000  x  66  x  60  =  130080000  ; 

5280000UO       á  nA  . 

i3^68ÖÖÖÖ  =  4-01hoUrS- 

T      xi..  oa   Q«  1  A   W         200  x  2240 

In  this  case  v  =  36  '  o  tt.  a  second,  and  —  = -— ; 

g  o¿  *  A 

W        v2 
.-.    fs  =  —  x  —  =  9166539  units  of  work. 
9        2 
This  work  is  conserved  in  the  train,  and  exists  in  the  train  independent  of  the  power  of  the  engine 
and  of  the  opposing  resistances. 

The  following  summary  of  experiments  made  to  test  the  retarding  power  of  different  railway 
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brakes  is  taken,  with  some  alterations  and  explanations,  from  a  paper  by  W.  Fairbairn,  printed 
in  the  '  Proceedings  of  the  Institution  of  Civil  Engineers,'  vol.  xix.  Suppose  a  train  impelled  by 
a  locomotive  engine  until  it  attains  a  uniform  velocity  v  in  feet  a  second  ;  that  then  the  brakes 
are  applied,  and  the  train  brought  to  a  stand  after  passing  a  distance  s  in  feet  :  it  is  required  to 
find  a  measure  of  the  force  by  which  the  momentum  has  been  destroyed.  Inasmuch  as  the  brakes 
act  by  friction,  which  may  be  considered,  with  sufficient  accuracy,  to  be  uniform  throughout  the 
operation  of  braking,  the  train  may  be  assumed  to  be  stopped  by  a  uniformly  retarding  force 
acting  through  the  space  s.  If  the  retarding  force  in  this  case  is  called  /,  consisting  mainly  of  the 
friction  of  the  braked  wheels,  and,  for  simplicity,  including  also  the  friction  of  the  axles,  resist- 
ance of  the  air,  and  other  constant  resistances,  then 


f  =  r,  m 

But  supposing,  as  is  generally  the  case,  that  the  retarding  force  of  the  brakes  is  proportional  to  a 
part  of  the  weight  of  the  train  only,  that  is,  that  the  retarding  force  generated  varies  as  the  weight 
on  the  rubbing  surfaces,  and  supposing  the  brakes  to  be  applied  to  a  few  carriages  only,  putting 
w  for  the  weight  of  the  brake  carriages  in  tons,  and  W  for  the  weight  of  the  train,  then 

/■  =  2VS  m 

which  gives  the  retarding  force  to  each  unit  of  mass  of  the  brake  carriages. 

It  will  be  convenient  to  reduce  this  force  to  terms  of  weight  instead  of  mass, 
retarding  force  in  pounds  a  ton  weight  of  the  brake  carriages,  then 


2240 
/2=/lX32Ö9  =  69'587/i;  [3J 


W 

—  X  2244 


that  is,  /2  s  =  x  — ■  —  the  units  of  work  done  in  resisting  the  constant  force  (/2)  through 

9  2 

o  f  "W        vP  vo         of  V 

a  space  (s)  ;    |^  s  =  —  x  -  =  /x  s,  and  ^  x  ^  s=  -=fs.    v  and  s  are  variables,  but  W, 

u?,  y,  are  constants. 

Again,  supposing  that,  instead  of  being  on  a  level  line,  the  brakes  are  applied  on  an  incline. 
Then  the  action  of  gravity  will  cause  the  train  to  go  farther,  if  it  is  descending  the  incline,  or  to 
stop  sooner,  if  ascending,  than  if  the  line  was  level  ;  and  gravity  is  a  uniformly  accelerating  or 
retarding  force,  as  the  friction  of  the  carriages.  Hence  the  net  result  in  distance  and  velocity  of 
a  train  stopped  on  an  incline  may  be  supposed  to  arise  from  two  forces:  /,  a  retarding  force 
dependent  on  the  friction  of  the  braked  wheels  ;  and  </>,  a  retarding  or  accelerating  force  dependent 
on  gravity,  and  assisting  or  opposing  the  action  of/,  according  as  the  incline  rises  or  falls  ;  thence 

Now,  the  value  of  <p  in  terms  of  the  inclination  6  of  the  plane  to  the  horizon  is  known,  for  if  g 
be  the  velocity  generated  by  the  gravity  in  one  second,  <p  =  g  sin.  6;  or  putting  z  for  the  vertical 
height  fallen  through  by  the  train  between  the  time  of  applying  the  brakes  and  stopping  the 

L  •  Z 

tram,  d>  =  g  —  ; 

or,       f=i±±l±  [5] 

WS 

f,  m  «S  xi+±£Im  69-587/,  [7] 

g  s  J1 

where  the  +  or  —  Bign  Lb  to  be  adopted,  according  as  the  gradient  falls  or  rises. 

In  the  increase  of  the  brake-power  of  trains,  the  principles  hitherto  most  successfully  employed 
have  been,  first,  the  use  of  steam  acting  direct  on  the  brakes;  secondly,  the  connection  of 
Bevera]  of  the  ordinary  form  of  brakes,  bo  as  to  unite  them  under  the  control  of  a  single  brakes- 
man ;  and  thirdly,  the  introduction  of  brake  apparatus  connected  with  the  buffers,  so  as  to  make 
the  momentum  of  the  train  Itself  available  in  generating  a  retarding  force. 

If'Oonnell's  brake,  which  is  applicable  only  to  the  engine,  "consists  of  two  wrought-iron 
sledges,  each  is  in.  in  length  and  I  In.  in  breadth,  ami  tinned  up  at  the  ends.  These  sledges 
are  suspended  from  the  lower  sido  of  the  fire-box,  between  the  (hiving  and  the  trailing  wheels  of 
the  engine.  The  pressure  ¡a  placed  on  them  by  admitting  steam  from  the  boiler  into  two  cylin- 
ders, ondi  Q  in.  in  diameter,  placed  horizontally,  one  on  each  side  of  the  fire-box,  above  the 
Bledges,  and  forcing  these  latter  down  upon  the  Vails  by  means  of  an  elbow-joint.  The  pressure 
oap  I-'  applied  to  either  side  of  the  pistons  in  the  cylinders,  according  as  the  brakes  have  to  be 
ed.  The  pressure  of  the  Bledges  upon  the  rails,  calculated  from  the  pressure  of 
the  Bteam  in  Folland'a  trials,  would  amount  to  about  6  tons.  On  the  weighing  machine,  however, 
!  ore  was  found  to  vary  from  I  tons  to  !»  tons,  or  a  mean  of  about  7  tons:  and  these 

: maliea  xolland  was  unbale  to  solve.   The  principal  advantage  of  this  brake  appears  to  be  that 

It  i  -  Immediately  applied  without  exertion,  and  is  under  the  control  of  the  engine-driver,  who  in 
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most  cases  is  the  first  to  perceive  any  obstruction  on  the  line.  It  will  be  seen,  however,  that 
although  efficiently  generated,  the  amount  of  retardation  caused  by  this  brake  is  comparatively 
small,  and,  as  Colonel  Yolland  concludes,  insufficient  to  prevent  collision  in  those  cases  in  which 
its  use  would  be  specially  desirable. 

Newall's  and  Fay's  brakes,  which  in  their  present  condition  are  identical  in  principle,  are 
distinguished  from  other  brakes  by  this — that  two  or  more  carriages,  or,  if  necessary,  the  whole 
train,  are  fitted  with  brake-blocks,  all  of  which  are  brought  under  the  direction  of  one  guard  by 
means  of  a  longitudinal  shaft,  which  transfers  the  motion  of  the  guard's  wheel  to  the  brakes 
throughout  the  whole  length  of  the  train.  In  this  way  a  great  increase  of  retarding  power  may 
be  obtained  proportional  to  the  weight  of  the  carriages  to  which  brakes  are  applied,  and  with  this 
further  advantage,  that  the  retarding  force  is  distributed  equally  throughout  the  train,  instead  of 
being  accumulated  at  either  end,  and .  thus  the  shock  upon  the  wheels  and  axles  is  much  dimi- 
nished. Newall  and  Fay  have  also  adopted  a  partially  self-acting  apparatus  of  springs,  by  means 
of  which  the  brakes  are  applied  throughout  the  length  of  the  train  on  the  simple  release  of  a  catch 
by  a  guard. 

In  Newall's  brake,  the  motion  of  the  guard's  or  the  engine-driver's  wheel,  since  either  or  both 
of  these  may  have  the  control  of  the  brakes,  is  transferred,  through  the  medium  of  a  short  vertical 
shaft  in  the  van  or  tender,  to  the  longitudinal  shaft  placed  beneath  the  carriages  of  the  train,  by 
a  pair  of  bevel-wheels,  or  by  a  spur-wheel  and  pinion.  The  longitudinal  shaft  passes  either 
beneath  the  centre  or  at  one  side  of  the  carriage,  under  the  framework  ;  and  it  is  connected  by 
simple,  but  very  effective,  jointed  couplings  between  each  pair  of  carriages,  so  as  to  permit  the 
free  action  of  the  buffers,  and  the  rise  and  fall  of  the  carriages  with  the  inequalities  of  the  line. 
Near  to  the  middle  of  the  carriage  a  bevel-wheel  is  fixed  on  the  longitudinal  shaft,  which  is 
toothed  into  a  similar  one  on  a  short  cross-shaft,  carrying  also  a  spur-pinion  geared  into  a  hori- 
zontal rack.  Thus,  on  revolving  the  guard's  wheel,  this  rack  is  drawn  back,  withdrawing  at  the 
same  time  the  principal  arm  of  the  rocking-shaft,  at  the  centre  of  the  carriage,  and  compressing 
a  spring  placed  on  the  other  side,  to  both  of  which  the  rack  is  attached  by  a  simple  connecting- 
rod.  In  this  position  the  brake-blocks  are  off  the  wheels,  and  the  brake  is  ready  for  use.  If  the 
bevel-wheel  or  pinion  in  the  guard's  van,  or  tender,  is  now  released,  or  lifted  out  of  gear  by  a 
lever  or  treadle,  the  springs  throughout  the  train  will  force  back  the  arm  of  the  rocking-shaft, 
which  carries  the  levers  that  press  the  brake-blocks  on  the  wheels.  If  it  is  required  to  put  on  the 
brakes  harder,  and  to  skid  the  wheels,  the  treadle  is  again  released  by  the  guard,  and  the  pressure 
increased  by  revolving  the  wheel  in  the  ordinary  way.  In  other  words,  Newall  and  Fay  pro- 
vide a  number  of  springs,  or  in  some  cases  weights,  under  each  carriage,  in  which  is  stored  up, 
ready  for  instantaneous  use,  a  stock  of  brake-power,  derived  from  the  one  guard  acting  through 
a  longitudinal  shaft,  communicating  with  every  brake  by  means  of  an  arrangement  of  spur-wheels 
and  pinions.  From  this  it  will  be  seen  that  on  any  emergency  the  retarding  force  may  be  instantly 
employed  by  simply  releasing  a  catch,  which  permits  the  brake-blocks  to  be  forced  upon  the 
wheels  by  the  springs  throughout  the  train. 

In  the  class  of  brakes  in  which  greater  retarding  power  is  obtained  by  increasing  the  number 
of  braked  carriages  and  combining  their  action,  the  systems  just  described  appear  the  best  and 
most  comprehensive  hitherto  adopted.  Fairbairn  mentions  that  he  received  from  E.  W.  Watkin 
the  details  of  some  experiments  on  an  auxiliary  brake  carriage  designed  upon  a  different  plan.  In 
this  case,  an  ordinary  brake  arrangement  is  employed,  with  a  double  elbow-joint,  to  which  a  long 
vertical  lever  is  attached,  moving  in  an  arc  against  the  side  of  the  van.  A  rope  from  the  end  of 
this  lever  is  conveyed  to  the  tender,  or  the  guard's  van,  and  is  attached  to  a  drum  on  the  axis  of  the 
ordinary  guard's  wheel.  Hence,  when  the  guard  or  the  fireman  revolves  his  wheel  to  put  on  his 
own  brake,  the  rope  coils  upon  the  drum,  drawing  back  the  lever,  and  thus  putting  on  the 
auxiliary  brakes  at  the  same  time. 

Belonging  to  the  third  class  of  brakes  before  enumerated,  in  which  the  momentum  of  the  train 
itself  is  employed  in  generating  the  retarding  force,  there  is  only  the  brake  of  M.  Guérin,  which 
is  entirely  self-acting,  and  is  brought  into  use  by  the  recoil  of  the  buffer-rods,  when,  by  the  appli- 
cation of  the  tender-brake,  a  retardation  has  been  caused  in  front.  Yolland  thus  describes  this 
brake  : — The  buffer-rods  at  the  after  end  of  the  carriage  abut  against  a  spring  that  extends  across 
its  width  ;  one  buffer-rod  acting  against  each  end  of  the  spring.  This  spring,  instead  of  being 
fixed  against  the  under-framing  of  the  carriage  or  the  brake-van,  is  movable  in  a  groove.  On  one 
side  the  centre  of  the  spring  is  secured  to  the  draw-bar,  and  on  the  other  it  is  attached  to  the  arm 
of  a  short  lever,  fixed  almost  vertically  over  the  rocking-shaft  ;  so  that  when  the  buffers  are  pressed 
in  by  the  sudden  check  to  the  velocity — caused  by  shutting  off  the  steam,  by  the  application  of  the 
tender-brake  in  front,  and  by  the  momentum  of  the  train  in  the  rear — the  buffer-spring  is  carried 
forcibly  against  the  lever,  the  rocking-shaft  is  turned,  and  the  brake-blocks  are  forced  against  the 
peripheries  of  the  wheels.  The  brakes  are  prevented  from  being  put  on  when  a  train  is  required 
to  be  shunted,  by  a  cross-head  or  stop.  But  this  provision  interferes  with  the  application  of  the 
brakes  when  the  train  is  in  motion  at  a  low  velocity.  For  such  a  speed  it  is  assumed  the  tender- 
brake  will  be  sufficient. 

These  are  the  brakes  upon  which  the  experiments  were  made,  and  the  results  tabulated  and 
classified. 

Newall's  and  Fay's  Continuous  Brakes. — In  carrying  out  the  views  of  the  Directors  of  the 
Lancashire  and  Yorkshire  Railway,  Fairbairn  arranged,  in  the  first  place,  for  a  series  of  experi- 
ments on  the  Oldham  incline,  where  two  similar  trains  of  carriages,  one  fitted  throughout  with 
Newall's  and  the  other  with  Fay's  brakes,  were  started  alternately.  After  passing  over  a  measured 
distance  by  the  action  of  gravity,  the  brakes  were  applied,  and  the  distance  within  which  the 
trains  were  respectively  brought  up  was  carefully  ascertained,  as  giving  the  measure  of  the 
brake-power  of  the  trains.  Each  train  consisted  of  three  weighted  carriages,  and  they  were 
started  by  simply  releasing  a  stop.    Having  descended,  by  gravity,  a  previously-measured  distance, 
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with  a  uniformly  accelerated  velocity,  they  passed  over  a  fog-signal,  which  gave  notice  to  the  guard 
to  put  on  the  brakes.  Then  the  train  having  been  brought  to  a  stand,  the  distance  from  the 
point  at  which  the  train  stopped  to  the  fog-signal  was  measured  back,  and  the  train  was  dragged 
up  the  incline  for  another  trial.  Unfortunately,  the  day  on  which  these^  experiments  were  made 
proved  misty  and  foggy,  with  rain  at  intervals,  so  that  the  rails  were  in  the  worst  condition  for 
imi  litating  the  stopping  of  the  trains.  The  significance  of  this  fact  will  be  seen  on  comparing 
these  results  with  later  ones  obtained  in  dry  weather. 


Table  I. 


-Experiments  with  Newall's  and  Fay's  Railway  Brakes  on  the  Oldham  Incline, 
February  6,  1859. 


^y  and  wet 


gradient  falling  1  in  27  ;  weight  of  trains,  26  tons  10  cwt.  each  ; 
no  engine  attached. 


Fat's  FLAP-Br 

AKES. 

Newall's  Slide-Bbakes. 

Time  of  Running. 

Distance  Run. 

No. 

Time  of  Running. 

Distance  Run. 

No 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

seconds. 

seconds. 

yards. 

yards. 

seconds. 

seconds. 

yards. 

yards. 

1 

35 

150 

153 

1 

35 

14 

150 

281 

2 

40 

13 

200 

250 

2 

40 

16 

200 

336 

3 

48 

14 

300 

360 

3 

48 

17 

300 

459 

4 

58 

15 

400 

499 

4 

56 

25 

400 

608 

5 

59 

12 

400 

326 

5 

56 

14 

400 

371 

6 

62 

25 

500 

739 

6 

62 

19 

500 

663 

7 

72 

17 

600 

575 

7 

68 

17 

600 

545 

8 

63 

32 

500 

798 

In  experiment  No.  8  the  self-acting  part  of  the  brake  only  was  employed. 

In  these  experiments  the  whole  of  the  wheels  were  sledged,  or  skidded,  before  the  train  was 
stopped.  The  self-acting  arrangement  of  springs  was  fitted  to  Newall's  carriage  alone.  In  the 
later  experiments  it  was  adopted  also  by  Fay. 

Taking  the  mean  of  the  number  of  seconds  required  in  braking  each  train,  in  experiments 
Nos.  2,  3,  4,  5,  6,  and  7,  which  were  made  under  precisely  corresponding  circumstances  in  the  case 
of  each  brake,  and  at  similar  velocities,  it  is  found  that  the  train  was  brought  to  a  stand  : — By 
Newall's  brake,  in  2 "16  seconds;  by  Fay's  brake,  in  19*2  seconds;  or  about  2^  seconds  of  time  in 
favour  of  Fay's. 

It  will,  however,  be  advisable  to  ascertain  the  precise  value  of  the  retarding  force  in  each  case 
by  the  formula}  already  given:  To  eifect  this,  the  initial  velocity  of  the  train  at  the  instant  of 
applying  the  brakes  must  first  be  ascertained.  For  this  purpose  the  least  objectionable  formula 
and  at  the  same  time  the  most  simple  is 

2s 
°  =  7  [8] 

for  taking  the  mean  velocity  between  o,  and  v  =    ■  and  -  multiplied  by  t  second  =  the  distance 

v 
s  ;   .*.    -■  x  *  ss  s  ;  where  v  is  the  velocity  in  feet  per  second  ;  s  is  the  distance  run,  in  feet  ;  and  t 

is  the  time  of  running,  in  seconds.     From  this  formula  the  following  initial  velocities  of  the  train, 
in  feet  per  second,  in  the  preceding  experiments,  are  obtained  : — 


Ko. 
1 

2 

3 

4 


Fay. 
25-71 
30* 
37-50 

fcl-37 


Newall. 

25-71 

30' 

37-50 

42-85 


No. 
5 
6 

7 
8 


Fay. 
40  66 
48-38 
50- 


Newall. 

42-85 

48-38 

52-94 

47-61 


.   by  equation    [6],   since   in  this 


W 

case   — 

w 


26  5 


=  1,  and   therefore  /  =  flt  and 


26-5 
,  tli«'  r<  lative  rallies  of  each  description  of  brake,  and  their  comparative  efficiency 
i  i  ach  trial,  may  be  derived.     The  retarding  force  of  each  brake  is  found  to  be  as  follows:— 

Newall. 
1  3246 
1-6388 
1-7030 
Mean  1-8538.  1*6946    )    Mean  1*7436. 

2-0152 
1*7811 
2*0480 


No. 

Pay 

1       .. 

.     1*9115 

2     .. 

.      1-7:  »22 

8 

.     1  8482 

J 

.      L-7645 

•> 

2-0280 

<;    .. 

l • 7205 

7     .. 

.     1*9167 
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Giving,  as  in  the  previous  comparison,  the  advantage  to  Fay,  in  the  proportion  of  1*8538  to 
1-7436,  or  as  1051  to  1000.  The  entire  agreement  of  the  results  among  themselves,  and  with  the 
preceding  comparison  derived  from  the  time,  is  sufficient  evidence  of  the  practical  accuracy  of  the 
formula  of  reduction.  The  brakes  stand,  in  these  experiments,  very  nearly  on  an  equality  of 
merit. 

The  experiments  in  the  next  Table  were  made  at  Southport,  upon  a  iine  more  nearly  level. 
The  speed  was  obtained  by  means  of  a  locomotive  engine,  which  was  detached,  at  the  instant  of 
applying  the  brakes,  by  a  slip-coupling.  The  velocity,  which  was  maintained  uniform  over  the  last 
half-mile,  was  measured  by  noting  the  time  required  to  pass  two  fog-signals,  placed  half  a  mile 
apart.  The  brakes,  in  every  trial,  were  applied  almost  instantaneously,  after  the  report  of  the 
second  fog-signal,  and  the  distance  was  measured  after  the  train  had  come  to  a  state  of  rest. 

Table  II. — Experiments  with  Newall's  and  Fay's  Eailwat  Brakes,  on  the  Line  between 
Liverpool  and  Southport,  January  7,  1859. 

Weather  fine  and  frosty  ;  gradient  rising  1  in  485  ;  weight  of  trains,  26  tons  10  cwt.  each. 


Fat. 

Newall. 

No. 

Time  of  1     o      d  . 

Telocity, 
in  Feet, 
a  Second. 

Distance 

of  Pulling 

up,  in 

Tards. 

No. 

Time  of 
Running 
5  Mile,  in 
Seconds. 

Speed,  in 

Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 

of  Pulling 

up,  in 

Yards. 

1 
2 
3 
4 
5 

42 

40 

34 

31| 

30 

42-85 

45- 

52-94 

37-14 

60- 

62-86 

66" 

77-65 

83*81 

88-' 

184 
206 
272 
313 
329 

1 

2  . 

31           58-06         85-16     1       240 
30           60-      "   I     88*         1    Lost, 
as  also  another  experiment. 

&}|      S0 

60- 

88-               960 

The  second  experiment  with  Newall's  brakes  failed,  in  consequence  of  the  guard  applying  the 
brakes  too  soon  ;  and  a  third  was  lost  from  the  fracture  of  the  slip-coupling. 

When  these  results  are  reduced  by  the  same  formula,  the  following  values  of  fx ,  representing 
the  efficiency,  or  retarding  force  of  each  brake,  are  obtained  : — 


No. 

Fay. 

NewalL 

1       .. 

..     3-5125   \ 

4-97 

2     .. 

..     3-4579 

3     .. 

..     3'6274 

)    Mean  3-6256. 

4     .. 

..     3-6738 

5     .. 

..     3-8566    J 

These  experiments  give  a  superiority  in  favour  of  Newall's  brakes,  in  the  proportion  of  4  •  97  to 
3-6256,  or  as  1378  to  1000. 

The  value  of  the  retarding  force,  /,  for  the  tender-brake,  derived  from  the  last  experiment,  is 
1-2791,  and  reducing  this,  in  proportion  of  the  weight  of  the  tender  to  the  weight  of  the  engine 
and  tender,  it  becomes  j\  =  4*3455. 

At  this  period,  Fay  requested  permission  to  attach  a  self-acting  apparatus  to  his  brakes,  as  he 
considered  they  were  not  fairly  matched  against  those  of  Newall,  when  applied  by  hand.  The 
experiments  were,  therefore,  postponed  for  two  months,  to  enable  Fay  to  effect  this  alteration. 
They  were  again  resumed  on  the  14th  of  April,  1859. 


Table  III. — Experiments  with  Newall's  and  Fay's  Bail  way  Brakes,  on  the  Llne  between 
Liverpool  and  Southport,  April  14,  1859. 

Weather,  dry  during  the  first,  with  a  slight  shower  during  the  remaining  experiments  ; 
gradient  falling  1  in  3453  ;  weight  of  trains,  27  tons  6  cwt. 


Fat. 

Newall. 

No. 

Time  of 

Running 
ì  Mile,  in 
Seconds. 

Speed,  in    |    Velocity, 

Miles             in  Feet 

an  Hour.         a  Second. 

Distance 

of  Pulling 

up,  in 

Yards. 

No. 

Time  of 
Running 
§  Mile,  m 
Seconds. 

Speed, in 

Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 

of  Pulling 

up,  in 

lards. 

1  56i*     ;      31-8            46-7           12U           1 

2  531            33*4           49-1          124 

1                                   1                                   II 

58 

31 

45' 5 

101 

" 

*  Engine  attached  and  tender-brake  applied. 

Beducing  the  results,  as  before:  fx  =  3-2329  with  Fay's  brake;  /,  =  3'4161  with  Newall's 
brake  ;  fx  =  2  •  9956  with  Fay's  brake  and  tender-brake. 

Here  the  superiority  lies  with  Newall,  in  the  ratio  of  1056  to  1000.  The  experiment  with  the 
engine  attached,  when  reduced  in  the  ratio  of  the  weight  of  the  train  to  the  weight  on  the  wheels 
braked,  gives  /,  =4"  84. 

It  will  be  observed  that  as  the  value  of  the  retarding  force  of  the  brakes  is  here  obtained  in 
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terms  of  the  coefficient  of  friction,  for  the  rubbing  surfaces,  the  efficiency  of  the  brake  varies  with 
the  condition  of  the  weather.  Thus  the  mean  of  the  Oldham  experiments  gave  a  retarding  force 
of  1  -7987  ft  per  second  ;  the  mean  of  the  first  experiments  at  Southport  gave  4*2978,  and  the  mean 
of  the  second  3  3245.  On  each  day  the  experiments  were  consistent  with  one  another,  but  they 
differed  widely,  on  different  days,  from  the  change  in  the  condition  of  the  rubbing  surfaces.  At 
Oldham  the  experiments  were  made  with  the  rails  in  a  greasy  condition,  from  fog;  at  Southport, 
in  the  ¡ater  of  the  two  trials,  with  the  rails  slightly  wet,  and  in  the  earlier,  with  rails  dry,  and  in 
the  best  condition  for  braking.  This  is  in  accordance  with  the  experiments  of  Morin  on  the 
friction  of  iron  on  iron,  in  which  it  was  found  that  the  coefficient  of  friction  varied  from  O" 05  to 
0-3  according  as  the  surfaces  were  greasy,  wet,  or  dry.  This  consideration  must  be  borne  in 
mind  in  estimating  the  results;  and  together  with  some  improvements  in  the  adjustment  of  the 
brakes  and  the  introduction  of  increased  power,  from  time  to  time,  will  explain  the  discrepancies 
which  may  be  found,  on  comparing  the  results  obtained  at  different  periods  of  the  trials.. 

The  remaining  experiments  upon  the  self-acting  brakes  were  all  made  under  uniform  and 
favourable  conditions;  the  weather  was  fine,  and  the  wind  blew  each  day  from  the  west  or  the 
north-west  The  results,  also,  are  uniform  for  these  days,  and  there  can,  therefore,  be  no  error  in 
placing  these  experiments  in  the  same  Tables,  and  averaging  them  together  This  classification 
will,  therefore,  be  adopted  as  more  convenient,  and  they  will  be  arranged  under  the  following 
heads  : —  . 

1.  Experiments  on  the  friction  of  the  carriages. 

2.  Experiments  with  slide-brakes,  with  the  engine  detached. 

3.  Experiments  with  flap-brakes,  with  the  engine  detached. 

4.  Experiments  with  the  engine  attached  to  the  train. 

Experiments  on  the  Friction  of  the  Carriages. — These  experiments  were  made  by  running  the 
train,  as  before,  past  two  fog-signals,  half  a  mile  apart,  to  obtain  the  velocity,  detaching  the  engine 
at  the  second  fog-signal,  and  allowing  the  train  gradually  to  come  to  rest. 

Table  IV. — Experiments  with  Newall's   and   Fay's  Kailway  Brakes,   on   the  Line 
between  Liverpool  and  Southport,  June  2,  1859. 


Fay.. 
Newall 


Time  of 

Running  §  Mile, 

in  Seconds. 


Speed,  in  Miles 
an  Hour. 


40- 
445 


Distance  run, 

after  applying 

Brakes,  in 

Yards. 


45- 
40-45 


4840 
6380 


Time  of  Running, 

after  applying 

Brakes, 

in  Seconds. 


430 

780 


Height  fallen 
through  by  Train 
from  inclination 
of  Line,  in  Feet. 


7-06 
13-91 


Keducing  as  before,  the  normal  friction  of  the  carriages,  /="/,,  is  found  to  be,  —  Fay, 
0  •  165G5  ;  Newall,  0  '  10961  :  and  therefore  /2 ,  or  the  friction  per  ton  weight  of  the  carriages,  is,— 
Fay,  11-527  lbs.  ;  Newall,  7*627  lbs.  ;  mean,  9 -577  lbs. 

This  shows  that  there  is  a  considerable  difference  between  the  friction  of  the  two  sets  of 
carriages;  and  a  small  correction  should  therefore  be  made,  in  the  reductions  of  the  experiments 
on  brakes,  in  favour  of  Newall,  if  perfect  accuracy  were  required.  The  correction,  however,  does 
Dot  exceed  one-sixtieth  of  the  retarding  force  of  the  brakes,  and  may  be  neglected  without 
appreciable  error.  These  experiments  were  made  with  carriages  fitted  with  slide-brakes,  and  the 
friction  of  those  with  flap-brakes  was  not  determined. 

In  an  experiment  recorded  in  Yolland's  Keport,  the  friction,  derived  in  the  same  way,  for  a 
train  of  carriages  fitted  with  Newall's  brakes,  and  attached  to  an  engine  and  tender,  amounted  to 
11-4  lbs.  per  ton.  This,  when  allowance  is  made  for  the  greater  friction  of  the  engine,  nearly 
agrees  with  Fairbairn's  results. 

Exp  intents  with  Ride-Brakes,  with  the  Engine  detached  from  the  Ti-ain. — The  following  experi- 
ments were  mude  between  the  Birkdale  and  Amsdale  stations,  on  the  line  between  Liverpool  and 
Southport.  As  before,  the  engine  was  attached  by  a  slip-coupling  to  the  train.  At  the  quarter 
and  the  three-quarter  mile  posts  from  Amsdale,  fog-signals  were  placed,  and  the  time  of  passing 
between  these,  being  accurately  observed  by  stop-watches,  gave  the  average  speed  of  the  train. 
At  the  seoond  fog  signal,  the  slip-coupling  was  unfastened,  and  the  brakes  applied,  instantly  on 
hearing  the  report.  The  assistant,  Unwin,  and  other  persons,  were  placed  in  the  guard's  van,  to 
prevent  the  premature  application  of  the  brakes;  and  others  on  the  engine  with  the  driver,  to  see 
that  there  was  no  change  of  velocity  in  passing  over  the  half-mile  in  which  the  speed  was 
observed.  The  line  where  these  experiments  took  place  rose,  for  500  ft.  from  the  first  fog-signal, 
with  a  gradient  of  l  in  L087,  and  then  fell  for  upwards  of  a  mile,  with  a  gradient  of  1  in  3543,  a 
fall  BO  slight,  in  the  short  space  in  which  the  trains  were  brought  to  rest,  that  itcannot  appreciably 
affect  the  results;  and  m  the  reductions  the  line  has  been  considered  as  level. 

The  trains  with  which  Dies,,  experiments  were  made  consisted  of  three  heavily-weighted 
oarriages,  each  with  brakes  to  every  carriage,  except  in  the  two  last  experiments,  when,  in  con- 
sequenoe  of  an  accident  to  one  of  Newall's  carriages,  the  trains  were  reduced  to  two.  The  carriages 
w<  re  Loaded  with  iron  rail-chairs,  bo  as  to  weigh  !»  tons  2  owt.  each. 

The  power  of  these  continuous  brakes  was  well  exemplified  upon  the  18th  May,  when  Fay's 
guard  Inadvertently  applied  the  brakes  whilst  the  train  was  running  at  a  comparatively  slow 
velocity;  the  strong  ooupling-hook  which  united  the  tender  to  the  guard's  van  was  instantly 
■napped,  und  the  train  brought  to  a  stand. 
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Table  V. — Experiments  with  New  all's  and  Fay's  Slide-Brakes  at  Southport,  May,  1859. 


Newall. 


No. 


Time  of 
Running 
ì  Mile,  in 
Seconds. 


Speed,  in. 

Miles 
an  Hour. 


Velocity, 
in  Feet 
a  Second. 


Distance 

of  Pulling 

up,  in 

Yards. 


Fay. 


No. 


Time  of 
Running 
£  Mile,  in 
Seconds. 


Speed,  in 

Miles 
an  Hour. 


2 

55 

4 

49 

6 

41¿ 

7 

41 

8 

39 

9 

34 

10* 

33 

Ht 

38 

12Î 

33* 

13 

28i 

32-72 

36-73 

failed 

43-9 

46-15 

52-94 

54-54 

47-37 

53-73 

63-16 


48- 
53-87 

64V39 

67-69 

77-64 

80- 

69-47 

78-8 

92-63 


56| 

2 

51 

77 

4 

41 

5 

36 

136 

6 

33 

140^ 

7t 

33 

205i 

9Î 

47i 

192 

lot 

30 

260i 

11$ 

30 

222 

, . 

273 

35-29 

43-9 

50- 

54-54 

54-54 

37-89 

60-' 

60- 


Velocity, 
in  Feet 
a  Second. 


Distance 

of  Pulling 

up,  in 

Yards. 


51-76 

64-39 

73  33 

80- 

80- 

55-58 


56 

98 
129 
144 
1614 

973 
204f 
214 


*  Self-action  only.  -j-  Brakes  not  applied  at  the  proper  time. 

%  Train  consisting  of  two  carriages,  and  weighing  18  tons  4  cwt.    In  the  other  experiments  there  were  three  carriages, 

weighing  27  tons  6  cwt. 


Making  a  reduction  of  the  preceding  results,  the  following  values  of  / 
comparative  retarding  powers  of  the  brakes  in  each  case,  are  arrived  at  : — 


/i ,  representing  the 


Mean  6-7030. 


Mean  5-4984. 


7 
7 
6 
7 
6 
5 
6 
6 

,  In  this  case  the  brakes  of  Fay  exhibit  a  superiority  in  the  ratio  of  6  ■  7030  to  5  •  4984,  or  as 
1215  to  1000  ;  or  making  a  correction,  as  above  stated,  for  the  friction  of  the  carriages,  the 
relative  efficiency  of  Fay's  and  Ne  wall's  brakes  would  stand  in  the  ratio  of  6 -553  to  5*4084,  or  as 
1210  to  1000. 

Experiments  with  Flap-Brakes,  with  the  Engine  detached. — These  experiments,  Table  VI.,  were  made 
in  precisely  the  same  manner  as  the  last,  the  trains  consisting  of  three  carriages  with  brakes  to 
each,  loaded  to  9  tons  2  cwt. 

Table  VI. — Flap-Brakes,  Engine  detached. 


Fat. 

Newall. 

No. 

ESS  1  sSr 

xr~i^u.~        Distance 
a  Second.         g£ 

No. 

Time  of 
Running 
£  Mile,  in 
Seconds. 

Speed,  in 

Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 

of  Pulling 

up,  in 

Yards. 

1 

2 
3* 

35 
35 
32 

51-43 
51-43 
54-54 

75-43 
75-43 
80- 

158i 
1621 
184 

1 

2 
3* 

36 
36 
35 

50* 
50' 
51-43 

73-33 
73-33 
75-43 

132| 
123 

192 

*  Self-action  only. 
Reducing  the  results,  the  comparative  efficiency  is  : — 


Fay. 
5-9889 
5-8294 
5-7971 


Mean  5-8718. 


Newall. 
6-7560 
7-2870 
4-9387 


Mean  0-3272. 


In  this  case  the  superiority  lies  with  Newall,  in  the  ratio  of  6*3272  to  5*8718,  or  as  1000 
to  928. 


Experiments  with  the  Engine  attached  to  the  Train. — These  experiments  were  mude  with  slide- 
brakes,  upon  the  same  ground  and  in  the  same  manner  as  the  last  experiments.  The  rails  also 
were  in  the  same  dry  condition.  The  only  difference  was  that  the  engine  and  tender  remained 
attached  to  the  train,  instead  of  being  uncoupled,  and  the  tender-brake  was  applied  as  rapidly  as 
possible  along  with  the  other  brakes. 
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Table  VII. — Experiments  with  Newall's  and  Fay's  Eailway  Brakes,  with  Engine  not 

DISCONNECTED   FROM    TRAIN. 

Weight  of  engine,  24  tons  ;  weight  of  tender,  average  10  tons  ;  weight  of  train,  27J  tons  ; 
weight  of  tank  engine,  30  tons. 


Fat. 

Newall. 

No. 

Time  of 
Running 
i  Mile,  in 
Seconds. 

Speed,  in 

Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 

of  Pulling 

up,  in 

Yards. 

No. 

?imeof       Speed,  in 
Running         ^ 

AT 

Velocity, 
in  Feet 
a  Second. 

Distance 

of  Pulling 

up,  in 

Yards. 

2 
3 

4* 

561 
53  ~ 
43 
35 

31-8 
33-96 
41-86 
51-43 

46-7 
49-81 
61-39 
75-43 

121i 
137 
192|. 
274 

1 
2 
3 

53 

48i 
43 

33-96 
37-11 

41-86 

49-81 
54-43 
61-39 

124| 

1691 
221 

*  Tank  engine. 
Keducing  these  results,  the  comparative  retarding  force  is  found  to  be  : 
Fay.  Newall. 

2-9956    )  3-3169    ) 

3-0184    }    Mean  3  0934.  2-9160    }    Mean  3-025 

3-2663    J  2-8422    J 

where  the  efficiency  of  the  brakes  is  almost  identical.    Fay  having  an  advantage,  in  the  ratio  of 
1022  to  1000. 

From  the  above  extended  and  somewhat  laborious  experiments,  the  following  summary  of 
results  is  derived  : — 

Table  VIII. — General  Summary  of  Kesults  of  Experiments  with  Newall's  and  Fay's 

Brakes. 


Oldham  Incline,  Table  I.  .. 

Southport     „           „      II.  .. 

5,                      „                   ,,      III.  .. 

5>                      ÌÌ                  V          V.  .. 

5,                      V                  V         VI«  •• 

J)                      Ì1                  7)      VII.  .. 


Average  Number  of 
Experiments. 


Fay. 


Newall. 


Average  Efficiency  of  Brakes. 


Fay. 


•8538 
•6256 
•2329 
•7030 

•8718 
•0934 


Newall. 


1-7436 
4-9700 
3-1416 
5-4984 
6-3272 
3-0250 


The  general  average  from  this  Table  gives,  for  the  efficiency  of  Fay's  brakes,  4  ■  0634,  and  for 
that  of  Newall's  4-1650,  showing  a  slight  superiority  in  favour  of  the  latter. 

The  following  conclusions  seem  borne  out  by  these  experiments  : — 

1st.  That  with  slide-brakes  the  greater  number  of  experiments  gave  a  manifest  superiority 
to  Pay's. 

2nd.  That  with  flap-brakes  there  was  a  decided  advantage  on  the  side  of  Newall. 

:\i(\.  That  when  the  train  was  braked,  with  the  engine  attached,  the  results  were  uniform; 
neither  Fay's  brakes  nor  Newall's  gaining  any  decided  superiority. 

During  the  whole  of  these  trials  there  was  a  strong  feeling  of  rivalry,  which  rendered 
necessary  the  greatest  caution,  in  order  to  prevent  any  interference,  which  might  modify  and 
vitiate  the  results.  To  reconcile  these  differences,  and  to  obtain  correct  returns,  Unwin  was 
employed  to  take  charge  of  the  train,  and  to  see  that  the  brakes  were  applied  at  the  right  time; 
also  to  register  the  velocity  of  the  train,  and  the  distance  of  pulling  up,  during  each  experiment. 
There  is  therefore  every  reason  to  believe  that  the  results  recorded  are  a  strict  expression  of  the 
efficiency  of  the  brakes,  at  their  respective  times  of  trial. 

)  ¿Hand's  Experiments  with  Newall  and  Fay's  Railway  Brakes. — It  may  be  interesting  to  compare 
with  these  results  the  earlier  experiments  obtained  by  Colonel  Yolland,  on  the  same  class  of 
brakes,  and  ander  somewhat  s  i  m  ihn- conditions  of  trial,  as  detailed  in  his  Report  to  the  Board 
"'  Trad.-,  dal  d  the  12th  .lune,  1858.  These  results  do  not  appear  to  have  been  reduced,  hitherto, 
to  any  common  standard  of  comparison.  Butas  they  embrace  a  wider  range  of  circumstances  of 
gradient,  weather,  weight,  &o.,  than  in  Fairbairn's  experiments,  they  will  instructively  test  the 
method  of  reduction  employed. 

In  the  experimente  on  the  Acorington  incline  the  trains  weighed  72  tons  each,  and  consisted 
of  six  weighted  carriages,  used  in  all  the  experiments,  and  of  three  carriages  fitted  with  Newall's, 
and  three  with  Pay's  brakes,  respectively,  and  employed  alternately.  The  required  velocity  was 
obtained  by  permitting  the  carnages  todesoend  b  distane»- of  from  three-quarters  of  a  mile  to  a 
mile  along  the  incline,  which  falls  at  the  rate  of  I  in  38  to  lin  40.  The  initial  velocity  at  the 
instant  of  applying  the  I  »rakes  was  ascertained  by  observing  the  time  required  to  traverse  the 
quarter  of  a   mil»    mine  dial  \\  preceding;  and  tlie  mean  velocity  over  this  distance  is  used  in 
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the  reductions  as  the  initial  velocity  of  the  train,  although  it  is  slightly  below  the  real  speed,  at 
the  instant  of  braking. 

Table  IX. — Experiments  on  the  Accrington  Incline,  with  Newall's  and  Fay's  Brakes, 

February  27,  1858.     Weather  fine. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient  falling  -  . 

Distance  of 

Braking,  in 

Yards. 

Remarks. 

2 
3 

4 

5 
6 

7 
9 

<   Ne  wall     ..    ( 

69-47 

52-8 

48-9 

28-7 

69-47 

62-86 

30-7 

-  1  in  39 

-  1  in  39 

-  1  in  39 
-lin  40 

-  1  in  39 

-  1  in  40 

-  1  in  39 

1587         1 

777 

822 

414 
1114 
1208 

430 

Heavier  train. 

v  Three  continuous 
brakes. 

10 

Fay  ..      .. 

60- 

-  1  in  39 

923 

Keducing  the  results  in  Table  IX. 

Newall. 


the  retarding  force  is  : — 


•0275 
'4233 
•3102 
1363 
■5285 
3705 
1700 


Fay. 
1-4754 


>    Mean  1-3231. 


It  will  be  remarked  that  in  these  experiments  the  brakes  were  applied  to  a  part  of  the  train 
only.  Hence,  for  comparison  with  the  Southport  experiments,  a  reduction  must  be  made,  to  the 
condition  of  trains  with  brakes  throughout,  by  the  formula  [6]  already  explained  in  that  way, 

/,  =  -/• 

w 
The  retarding  force  in  terms  of  the  mass  of  the  carriages  actually  braked  is  : — 
Newall.  Fay. 

3-7955    i  3-9345 

3-4940 
3-0301 
4-0759 
3-6547 
3-1200 

Showing  an  advantage  to  Fay  in  the  ratio  of  1107  to  1000.     But  a  comparison  is  here  scarcely 
fair,  seeing  the  disproportion  in  the  number  of  experiments  with  each  brake. 


Mean  3-5516. 


Table  X. — Experiments  on  the  Accrington  Incline,  with  Newall's 
February  28,  1858.    Weather  misty. 

and  Fay's  Brakes, 

No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  falling  — . 

Distance  of 
Braking,  in  Yards. 

Remarks. 

11 
13 
16 
17 
12 
14 
15 
18 

Fay      ..      .. 
[  Newall        ..   ■! 

66- 

62-86 

50-77 

35-67 

60- 

60- 

50-77 

69-47 

-  1  in  39 

-  1  in  39 

-  1  in  39 

-  1  in  40 

-  1  in  39 

-  1  in  39 

-  1  in  39 

-  1  in  132 

2060 
1660 
1070 

492 
2142 
1754 
1450 

880 

Three  continuous 
brakes. 

Tender  and  ditto. 

The  results  in  Table  X.  show  that  the  mean  of  the  retarding  force  is  : — 


Mean  1  ■  220. 


Or  with  brakes  throughout  : — 
Fay. 

3-141     ) 

3-256 

3-272 

3-352    J 
Giving  a  slight  advantage  to  Fay, 


Mean  3 -255. 


Newall. 
1-105 
1-167 
1-122 


Newall 
2-946 
3-112 
2-992 


Mean  1-131. 


Mean  3-017. 


in  the  ratio  of  1070  to  1000. 
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Table  XI  —  Experiments  with  New  all's  Brakes,  between  Liverpool  and  Preston, 

February  22,  1858. 
Train  of  carriages  weighing  83  tons  18  cwt.  ;  engine,  29  tons  2  cwt.  ;  tender,  13  tons  4  cwt. 


*l 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  +, 
falling  — . 

Distance  of 
Braking,  in  Yards. 

Remarks. 

1 

2 
3 

4 

G 

7      - 

Ncwall    .. 

57-39 
48-88 
GG-00 

45-52 

57-39 

48-88 

—  1  in  135 

—  1  in  180 
+  1  in  135 

+  1  in  1G8 

-  1  in  150 

-  1  in  130 

285 
208 
206 

246 

276 
204 

1   Tender   and  six 
[       brakes. 

f  Tender  and  self- 
<        action    of    six 
(       brakes. 
Ï  Tender   and   six 
J       brakes. 

Reducing  as  before,  these  data  give 


t  /    =  2-165    *■ 
/    =  2-095 
/    =  3-285 
/    =  2-204 

,  /    =   2-201   J 

Mean  2-390 

f  fx  =  4-304   > 
fx  =  4-164 
/j   =  6-530 
A  =  4-381 

I  A   =  4-375   j 

Mean  4-671 

or,  reduced  in  the  ratio  of  the  weight  on  the  wheels 
braked  to  the  weight  of  the  train 


This  agrees  with  the  value  f-x  =  3*5516,  obtained  in  the  first  experiments  at  Accrington,  with 
the  rails  dry,  and  is  in  excess  of  the  value  fx  =  3*017,  obtained  with  the  rails  wetted  by  the  mist. 
For  experiment  No.  4,  with  the  self-action  of  the  brakes  alone,/  =  1-211,  or  about  one-half 
the  full  brake-power. 

Table  XII. — Experiments  between  Preston  and  Liverpool,  with  Newall's  Kailway 
Brak.es,  February  22,  1858. 

Weight  of  train,  101  tons  If  cwt.  ;  weight  on  brakes,  71  tons  19|  cwt. 


1 

No.     | 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  -+- . 
falling  -  . 

Distance  of 

Pulling  up,  in 

Yards. 

Remarks. 

8      ) 

9 
,'0      >    Newall     .. 

73-33 
57-39 
44* 
60* 

0 
+  1  in  402 

0 
-  1  in  120 

196 
130 
107 
167 

)  Tender  and.  seven 
\        continuous 
brakes. 

lieducinir  these  results 


or,  when  the  train  is  braked  throughout 


/  =  4*567 

/  =  2*975 

/  =  3*015 

/  =  4-118 

A  =  6*406 

A  =  4*173 

fx  =  4*229 

ft  =  5*776 


Mean  3  *668 


Mean  5*146. 


Thifl  w<»uld  seem  to  indicate  that  the  brakes  act  more  efficiently,  the  more  nearly  they  are  applied 
throoghoul  the  whole  train. 

Table  XIII.— Experiments  between  Liverpool  and  Preston,  with  Newall's  Brakes, 

February  23,  1858. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  -j-, 
falling  — . 

Distance  of 

Pulling  up,  in 

Yards. 

Remarks. 

1 

2 

77-05 
73*88 

-  1  in  204 
0 

314 
179 

>  All  the  brakes. 

:: 

52  •  8 

0 

183 

All  but  the  tender. 

4 

7::  *33 

-  1  in  132 

227 

\ 

•r» 

N.  wall      .. 

86- 

+  1  in  185 

189 

6 

7 

78*88 
62*86 

0 

-  1  in  150 

249 
208 

>  All  the  brakes. 

8 

II- 

—  1  in  TOD 

138 

9 

' 

77*65 

—  1  in  L20 

235 

J 
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Eeducínj 


or,  when  further  reduced  in  the  ratio  of  the  weight  of 
the  whole  train  to  the  weight  on  the  wheels  braked  . . 


The  preceding  results  obtained  by  Yolland  are  as  follows  : — 


3582  "\ 
00G8 
7041 
0797 
5992 
9516 
2922 
0081 
'9660 
•9130 
■3745 
•8181 
•2506 
•4858 
■7335 


Mean  3-6249 


Mean  4-5057. 


Engine  detached 


Engine  attached 


Fay. 
3-9345 
3-255 


Dry. 

Wet. 

Mean  4-774. 


Table  XIY. — Expeeiments  with  M'Connell's  Steam  Sledge-Beake,  between  Bletchley  and 

Oxfoed,  Januaey  19,  1858. 

The  engine  weighed  29  tons  ;  the  tender,  14  tons  10  cwt.  ;  the  carriages,  102  tons  9  cwt.  ;  the 
guards'  vans,  10  tons  4f  cwt.  ;  steam-sledges  assumed  at  7  tons  2  cwt. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  +  , 
falling  — , 

Distance  of 
PulLing  up,  in 

Yards. 

Remarks. 

1 

.                           / 

27-5 

+  1  in    150 

430 

None. 

2 

32-19 

+  1  in    142 

285 

Steam  and  guard's. 

3 

19-35 

+  1  in    142 

163 

Guard's. 

4 

52-8 

-  1  in    214 

590 

All. 

5 

60- 

-  1  in    149 

870 

*Stearn  and  tender. 

6 

48-88 

-  1  in    209 

673 

All. 

7 

36-67 

-  1  in  1430 

623 

Steam. 

8 

55- 

—  1  in    163 

880 

All. 

9 

1    M'Connell's 

55' 

0 

763 

Tender  and  guard's. 

10 

steam-brake.  ] 

57-39 

0 

1320 

Steam. 

11 

52-8 

-  1  in  2211 

496 

All. 

12 

60- 

0 

540 

All. 

13 

55- 

+  1  in  2211 

345 

All. 

14 

47- 14 

0 

538 

Tender  and  guard's. 

15 

47-14 

-  1  in    452 

388 

All. 

16 

62-86 

+  1  in    163 

669 

All. 

17 

57-39 

0 

880 

Tender  and  guard's. 

18 

55- 

4-  1  in    209 

1194 

Steam. 

Keducing  these  results  : 



No. 

Ko. 

2     ..      .. 

/  =  o 

03793 

11      .. 

..     /  =  0-93677 

3     ..      .. 

/  =  o 

01562 

12     .. 

..     /  =  111111 

4     ..      .. 

/  =  o 

93791 

13     .. 

..     /  =  1-42800 

5     ..      .. 

/  =  o 

90567 

14     .. 

..     /  =  0-64824 

6     ..      .. 

/  =  0 

74567 

15     .. 

..     f  =   1-02560 

7     ..      .. 

/  -  o 

38224 

16     .. 

..     /  =  0-78690 

8     ..      .. 

/  =  0 

77041 

17     .. 

..     f  =  0-62379 

9     ..      .. 

/  =  o 

66076 

18     .. 

..     /  =   0-42225 

10     ..      .. 

/  =  o 

41586 

Separating  those  experiments  which  were  made  on  different  brakes,  and  taking  the  mean  of 
those  made  on  the  same,  the  value  of  each  brake  respectively  is  as  follows  : — 

For  the  guard's  brake /=  0-1562 

tender-brake /  =   0-4989 

steam-brake      /  =  0-4373 

steam  and  tender  brakes        /  =  0  "  9057 

steam  and  guard's  brakes       /  =  0  •  3793 

guard's  and  tender  brakes     /  =  0  "  6443 

guard's,  steam,  and  tender  brakes        . .      . .  /  =  0  •  9678 
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These  numbers  represent  the  actual  proportion  of  the  brake-power  supplied  in  the  experiments 
by  eaeh  brake  or  set  of  brakes.     The  efficiency  of  the  brakes  in  relation  to  the  weight  upon  them 

For  the  guard's  brake         A  =  2-2268 

„      tender-brake f\  =  5-0216 

„      steam-brake f\  =  9 '1176 

steam  and  tender  brakes       f\  —  6-1197 

.,       steam  and  guard's  brakes      /i  =  3-1930 

,,       guard's  and  tender  brakes j\  —  3-8014 

„       guard's,  steam,  and  tender  brakes       . .      . .  fx  =  4  ••  4365 

This  shows  that,  in  proportion  to  the  weight  upon  it,  a  sledge-brake,  which  can  be  applied 
instantly,  acts  most  efficiently. 

(  'olonel  Tolland's  Experiments  with  M.  Gue'rin's  Self-acting  Brake. — The  train  in  the  first  four  expe- 
riments consisted  of  an  engine,  tender,  and  nineteen  carriages,  two  being  fitted  with  M.  Gue'rin's 
brakes.  The  total  weight  of  the  train  was  151-88  tons.  In  the  remaining  experiments  two 
ordinary  brake-vans  were  substituted  for  M.  Gue'rin's,  the  total  weight  being  then  152-8  tons. 

Table  XV.— Experiments  between  Eeith  and  Woolwich,  August  27,  1S58. 


No. 


Velocity,  in  Feet 
a  Second. 


M.  Guérin'i 
brakes. 


Ordinary 
brake-vans. 


Gradient,  rising  -f- , 
falling  —  . 


50-78 
62-86 
57-39 
45-52 


-  1  in  912 

0 

0 
+  1  in  912 


48-57 
66' 
50-77 
52-8 


-  1  in  912 

0 

0 
4-  1  in  912 


Distance  of 

Pulling  up,  in 

Yards. 


597 
738 
552 
395 


359 
593 
521 
510 


Remarks 


Tender  and  two 
Guérin  brakes. 


Tender  and  two 
ordinary  brakes. 


lleducing  these  results  : — 
M.  Guérin's  Brakes. 
0-075488     ) 
0-089238 
0- 099445 
0-083898 


Mean  0  ■  0870. 


Ordinary  Brakes. 
0-11300  ) 
0-12243  I 
0-08245  j 
0-08757 


Mean  0-1013. 


From  these  experiments,  M.  Gue'rin's  brakes  appear  to  be  less  efficient  than  two  equally  heavy 
brake-vans  of  the  ordinary  description,  when  used  in  conjunction  with  a  tender-brake,  in  the  ratio 
of  1 1 65  to  1000. 

The  value  of  /,  for  the  mean  of  these  experiments  gives  : — 

For  M.  Guerini  brake 0-5169 

„    the  guard's  ordinary  brake 0-5874 

We  do  not  pretend  to  know  the  reason  why,  but  Gue'rin's  brake  gave  better  results  when  tried 
in  France. 

Experiments  with  Ingram's  Auxiliary  Brake,  on  the  Manchester,  Sheffield,  and  Lincolnshire  Railway. — 
When  these  experiments  were  made,  the  weather  was  bad,  rain  falling  the  whole  time.  The  train 
weighed  124  tons  \  cwt.  ;  the  tender,  17  tons;  the  carriages  to  which  Ingram's  brake  was  applied, 
25  tons  17^  cwt. 

Table  XVI.— Experiments  with  Ingram's  Brakes,  October  18,  1858. 


No. 


Ingram 
brake. 

T(  Qder 


Velocity,  in  Feet 
a  Second. 


Gradient. 


Distance  of 

Pulling  up,  in 

Yards. 


Time  in 

Stopping,  i 

Seconds. 


46-9 
44-0 
51-3 
54-2 
46-9 


1  in  124 
1  in  124 
1  in  133 
1  in  120 
1  in  120 


870 

795 

768 

1320 

1152 


90 

77 

65 

134 

114 


Beducing  these  results,  on  the  assumption  that  the  gradients  were  all  falling  ones:— 
Ingram'«  Brakes.  Tender- Brakes. 

(  0*68096  j 

'        (¡Al*"»0,7217-  SS}  Me»  0-6128. 

Hence,/,-    with  Ingram's  brake      3-4019 

the  tender-brake ..     "    '4*4712 

■  's  brake  thus  showing  a  somewhat  less  efficiency  than  the  tender-brake. 
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It  should  be  here  observed  that  the  work  employed  to  move  a  body  over  a  horizontal  distance 
added  to  the  work  due  to  the  gravity  in  elevating  the  body  a  vertical  height,  is  the  same  as  that 
employed  in  moving  the  body  on  a  curve  joining  the  extreme  points,  since  a  curve  may  be  sup- 
posed to  be  made  up  of  a  number  of  straight  lines  ;  hence  the  uniform  work  upon  the  whole  curve 
will  be  equal  to  the  uniform  work  done  upon  the  horizontal  projection,  added  to  the  work  done  in 
opposition  to  gravity  in  raising  the  body,  no  matter  what  form  be  given  to  the  path  described. 

Reduction  of  the  Retarding  Force  to  Units  of  the  Weight  of  the  Brake  Carriages. — In  the  preceding 
reductions  it  was  found  most  convenient  to  know  the  retarding  force  in  terms  of  the  mass  of  the 
train.  For  practical  purposes,  however,  it  is  convenient  to  state  the  retarding  force  in  terms  of 
the  weight  upon  the  brake  carriages,  and,  to  be  guided  by  precedent  in  this  matter,  it  seems  best 
to  state  the  retarding  force  in  pounds  to  the  ton  weight  on  the  braked  wheels,  that  is,  in  the  same 
terms  as  the  normal  friction  of  the  train  is  usually  stated.  Calling,  therefore,  f2  the  mean  resist- 
ance in  pounds  a  ton,  in  the  moving  mass  of  all  the  forces  tending  to  destroy  motion,  of  which  the 

2240 
principal  is  the  friction  of  the  brake,  then  /2  =  fx  X  =  69  ■  587  fx . 

óA  *  io 

Ordinary  Brakes. 
Retardation,  in  lbs.  a  ton, 
on  Wheels  Braked. 

Guard's  van 154*9  ..  ..  Yolland. 

Tender-brake  349*4  ..  ...  „ 

Tender  and  guard's  brakes  . .      ..  264*5  ..  ..  „ 

Tender-brake         311*0  ..  ..  M.  S.  and  L.  Eailway. 

All  the  above  results,  with  the  exception  of  the  last,  were  obtained  in  dry  weather. 

Tender-brake         302*4     ..      ..     Fairbairn. 

Newall. 

Mean  Retarding  Force,  in  lbs. 
Tables.  a  ton  weight,  of  Braked  Carriages 

I.    Slide-brakes  (wet  and  foggy)       ..      ..  121*3  ..      ..     Fairbairn. 

HI.        „  „      (slightly  wet) 237*7  .. 

II.        „  „       (dry  and  frosty)        . .      . .  345  *  8 

V.        „  „       (dry  and  warm)        ..      ..  382*6  .. 

IV.    Flap-brakes  (dry  and  warm)        . .      . .  440  *  3 

IX.        „  „      (dry) 247*1  ..      ..     Yolland. 

X.        „  „       (misty)       ..      ..      ..      ..  209*7  .. 

XL        „  „       (dry) 325*4  .. 

XII.        „  „      (dry) 358*9  .. 

XIII.       „  „      (dry) 313*5  .. 

The  mean  of  the  experiments  from  Tables  II.,  IV.,  and  V.,  gives  the  retarding  force  at  389  *  6  lbs. 
per  ton.  The  mean  of  Yolland's,  from  Tables  IX.,  XL,  XII.,  XIII.,  is  311*2  lbs.;  or,  omitting 
Table  IX.,  332*6  lbs.  Bearing  in  mind  that  Fairbairn's  results  were  obtained  under  circumstances 
of  competition,  and  that  there  was  in  consequence  the  greatest  care  in  the  adjustment  of  the  brakes, 
the  above  results  agree  sufficiently  well.  Hence  also  may  be  observed  the  very  large  diminution 
of  the  retardation  of  the  brakes  in  wet  and  foggy  weather.  In  wet  weather  the  retardation  does 
not  appear  to  exceed  200  lbs.  a  ton  ;  and  in  foggy  weather,  with  the  rails  greasy,  it  appears  that  it 
may  be  reduced  to  121  lbs.,  or  nearly  one-fourth  of  the  maximum  in  dry  warm  weather. 

Fay. 

Mean  Retarding  Force,  in  lbs. 
Tables.  a  ton  weight,  of  Braked  Carriages. 

I.    Flap-brakes  (wet  and  foggy)        ..      ..     129*0     ..      ..     Fairbairn. 

III.  „  „      (slightly  wet) 224*9     .. 

IL        „  „       (dry) 252*2      .. 

IV.  „  „       (dry) 408*6     .. 

i  V.     Slide-brakes  (dry) 466*4     .. 

IX.        „  „       (dry) 273-7     ..      ..     Yolland. 

X.        „  „       (misty)        226*5     .. 

There  the  maximum  retardation  amounts  to  466*4  lbs.  a  ton,  or  nearly  one-fifth  of  the  weight 
of  the  braked  carriages.  The  mean  of  Tables  II.,  IV.,  V.,  in  dry  weather,  gives  375*7  lbs.  a 
ton. 

M'Connell's  Steam-Brake. 

Mean  Retardation,  in  lbs. 
a  ton  weight,  on  Wheels  and 
Table  XIV.  Sledges  Braked. 

Guard's  van      154*9     ..      ..  Yolland. 

Tender-brake    . .      349  *  4     . .      . .  „ 

Steam-brake ..      ..     634*4     ..      ..  „ 

Steam  and  tender  brakes       425  *  8     . .      . .  „ 

Steam  and  guard's  brakes      222  *  1             . .  „ 

Guard's  and  tender  brakes     . .      . .      264  *  5     . .      . .  „ 

Guard's,  steam,  and  tender  brakes       308*7     ..      ••  „ 
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These  reductions  seem  to  show  that,  in  proportion  to  the  weight  upon  it  the  sledge-brake  is 
more  efficient  than  any  brake  applied  to  the  wheels.  Of  course  it  is  not  asserted  that  tne  sledge- 
brake  could  be  employed  in  lieu  of  the  present  arrangement  ;  but  that  it  renders  useful,  in  retard- 
ing the  train,  a  larger  proportion  of  the  weight  on  it. 

M.  Guerin's  Brake. 

Mean  Retarding  Force,  in  lbs. 
Table  XV.  a  ton,  on  Brake  Carriages. 

M.  Guerin's  and  tender  brakes    ..      ..       35*9     ..      ..     Yolland. 
Ordinary  van  and  tender  brakes         . .       40  •  8     . .      . .  „ 

Both  these  brakes  were,  for  some  reason,  acting  inefficiently. 

Ingram's  Beake. 

Mean  Retarding  Force,  in" lbs. 
a  ton  weigbt,  of  tbe  Carriages 
Table  XVI.  Braked. 

Ingram's  and  tender  brakes 240*9     ..      ..     M.  S.  and  L.  Railway. 

General  Summaey. 

Ratio  of  Weight  on  Brakes,  to 

Retarding  Force  generated  by  them, 

or  Mean  Coefficient  of  Friction  for 

each  Brake. 

Newall's(dry)  )  (  from  0-1544  to  0-1965 

„        (wet)  I  -n,  .  ,    •         I  0-0542 

Fay's       (dry)  elimini        from  0.1126  to  0.2082 

(wet)  j  {  0-0576 

WTO  ™  ••  Atiz 

Ingram's  (wet)      0-1075 

Guérin's  (dry)     0-01048 

M'Connell's  steam-brake 0*28325 

That  is,  the  retarding  force  generated  by  these  'brakes  varies  from  -^  to  T5¥  of  the  weight  of 
the  carriages  to  which  brakes  are  applied,  and  is  ordinarily  from  -^  to  i. 

This  agrees  very  well  with  the  deductions  from  experiments  on  the  friction  of  metal  on  metal, 
which  give  for  smooth  surfaces  a  coefficient  varying  from  0*15  to  0'2,  or  nearly  identical  with  the 
best  experiments  above  reported. 

Formulas. — To  find  the  distance  on  a  level  line  required  to  bring  a  train  to  a  stand  by 
braking: — 

Let  s  =  the  distance  of  pulling  up,  in  yards  ; 

v  =  the  velocity  of  the  train,  in  feet  per  second  ; 
?o  =  the  weight  on  the  braked  wheels,  in  tons  ; 
W  =  the  total  weight  of  the  train,  in  tons  ; 
e  ss  the  inclination  of  the  incline  to  the  horizon,  if  the  train  is  on  a  gradient,  so  that  if  the 

incline  rises  1  ft.  in  x  ft.,  then  sin.  6  =  —  ; 

x 
g  =  the  action  of  gravity  =  32-19. 

vi 
Then,  if  the  train  is  braked  throughout,  and  on  a  level  line,  s  =  - —  ;  and  if  brakes  are  ap- 

6/i 
v2        W 
plied  to  a  part  of  the  train  only,  s  =  — —  x  —  ;  or,  if  the  train  is  on  an  incline, 

6/i       w 

v2  W 

6  fx  ±  6  g  sin.  9  X  'w  ' 
where  the-  -f  or  —  sign  is  to  be  taken,  according  as  the  incline  falls  or  rises. 

The  value  of  the  coefficient  /,  must  be  selected  from  the  Tables  of  Experiments  already  given, 
thai  coefficient  being  selected  which  was  obtained  under  circumstances  most  nearly  approaching 
those  <>!'  the  case  to  he  determined. 

Thus,  if  the  trains  are  stopped  by  the  friction  of  their  bearings,  and  so  on,  without  the  appli- 
cation of  brakes,  /,  =  0*13  (mean),  and  6/,  =  0-78. 

H  the  brakes  axe  ordinary  guard  and  tender  brakes,  applied  together,  /j  =  4,  and  6/,  =  24, 
approximately. 

Por  I. Hikes,  such  as  New-all's  and  Fay's,  acting  with  maximum  efficiency,  /,  =  5'5  to  6-5,  and 
6/,      33-0  to  89-0. 

Thus,  supposing  it  is  required  to  ascertain  the  distance  in  which  a  train  weighing  GO  tons, 
with  brake    to  20  tons  weight  of  the  carriages,  would  be  brought  to  rest,  in  ascending  an  incline 

of  1  in  27,  at  ¡i  velocity  of  60  ft.  a  second;  then  taking/,  =  4, 

3  _  *  W  ^ (60  x  (iO)  60  _ 

6/,  +  G// sin.  0      to      G  x  4  +  G  x  82-19  x  fr  *  20  "         y 
.  Ir  lll('  r:iils  :ir'-  wetted  by  rain,  the  value  of  the  coefficients  given  above  must  be  taken  at  one- 
third  less,  and  If  greasy,  their  value  maj  be  reduced  by  as  much  as  one-half  or  three-fourths. 
It  i  «  convenient,  in  some  caaes,  to  estimate  the  braking  power  in  time  rather  than  in  distance. 
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Now,  theoretically,  putting  t  =  the  time  of  braking,  in  seconds,  then  t  =  —  .    In  practice  this  does 

v 
not  hold  strictly  true  ;  hence  t  =  —  —  x,  where  x  is  a  constant  to  be  derived  from  the  experi- 

v 
tnents;   .*.  x  =  t  +  —  . 

Now,  from  the  Oldham  experiments  : — 

For  Fay's  brakes        x  =  3,  6,  8,  8,  3,  8. 

For  Ne  wall's  brakes x  =  4,  2,  5,  0,  7,  8,  9. 

Hence  mean x  =  5  4. 


/  v        W\ 


¿  =  ^-5-4- 


The  above  formulas  will  be  found  sufficient  for  the  purpose  of  ascertaining  the  amount  of 
brake-power  required  to  arrest  the  motion  of  any  train,  within  such  a  distance  as  may  be  consi- 
dered safe  by  the  railway  company,  or  by  the  engineer  ;  or  in  any  given  case,  to  determine  the 
distance  within  which  a  train  of  any  required  weight  may  be  stopped  when  travelling  at  any 
velocity. 

Steam-Brakes. — During  the  last  few  years  engineers  have  undertaken  to  construct  railway  brakes 
which  would  act  more  effectively  than  those  previously  used.  Every  engineer  knows  the  imper- 
fections of  the  apparatus  and  of  plans  for  effecting  the  retardation  or  stopping  of  trains.  He 
knows  further  how  urgent  the  demand  for  such  means  is  ;  the  more  so  as  it  is  desirable  to  take 
away  from  the  tender  as  much  weight  as  possible,  and  strengthen  and  lighten  the  engine  by  an 
extended  application  of  steel,  so  that  the  tender  may  carry  more  fuel  and  feed-water,  without  in- 
creasing the  total  weight  of  the  engine  and  loaded  tender,  or  diminishing  the  power  of  the  engine. 
Independently  of  these  considerations,  it  is  generally  acknowledged  that  the  retarding  power 
ought  to  proceed  from  the  same  parts  of  the  mechanism  which  transfers  the  propelling  power,  and 
that  a  properly  constructed  brake  ought  to  be  operated  by  the  accumulated  force  when  not 
required  to  propel  the  train.  With  those  considerations  in  view,  numerous  experiments  were  made, 
and  plans  tried  ;  however,  applicable  and  satisfactory  results  were  not  obtained. 

A  correct  investigation  will  show  the  error  of  providing  for  the  carriages  or  wagons  a  separate 
brake-mechanism,  even  should  the  power  to  operate  such  mechanism  be  taken  from  the  locomotive 
boiler.  With  locomotives,  however,  means  must  be  found  which  will  not  only  allow  us  to  accumu- 
late a  sufficient  retarding  force  in  the  boiler,  but  which  will  also  give  us  the  power  to  regulate  its 
application  and  intensity,  so  as  to  destroy,  gradually,  the  work  conserved  in  the  train  and  due  to 
the  weight  of  the  train  and  its  uniform  velocity.  At  the  same  time  the  means  provided  must  have 
the  power  to  diminish  by  degrees,  and  ultimately  to  reverse,  the  tractive  power  of  the  engine. 

We  propose  to  examine  the  four  following  systems  of  steam-brakes,  namely  : — ■ 

1.  The  reversing  of  the  valve-gear  (System  Lechatelier-Kicour). 

2.  The  compression  of  the  steam  (System  Zeh). 

3.  The  compression  of  the  air  in  the  cylinder  (System  de  Bergues). 

4.  The  repression  of  the  steam  (Frein  à  Vapeur  de  Landsee,  and  Steam-repression  Brake 

of  Krauss  and  Co.). 

The  steam-brake  of  Krauss  and  Co.  was  designed  by  Professor  Linde,  of  Munich. 

The  systems  1  and  4  depend  upon  the  same  principle,  that  is,  the  counter-effect  of  the  steam  ; 
but  the  methods  of  application  are  different. 

The  Heversmg  of  the  Valve-gear. — The  motion  of  any  locomotive  can  be  diminished  by  simply 
reversing  the  valve-gear;  but  it  is  easy  to  understand  that  the  counter-effect  of  the  steam  increases 
quickly  the  pressure  of  the  steam  in  the  boiler.  This  is,  however,  a  minor  reason  why  the  counter- 
effect  of  the  steam  should  be  applied,  to  suddenly  stop  trains,  only  in  exceptional  cases  ;  for 
another  disadvantage  of  a  more  serious  character  ^  to  be  met  with.  The  exhaust-port  opens  in 
locomotives,  not  directly  into  the  open  air,  but  communicates,  through  the  exhaust-pipe,  with  the 
interior  of  the  smoke-box.  Whilst  the  cylinders  are  now  drawing  in  the  air,  they  will  thus  not  be 
filled  with  pure  air,  but  with  the  gases  of  combustion  from  the  smoke-box,  which  have  not  only 
a  very  high  temperature  of  400°,  500°,  and  upwards,  but  which  also  carry  with  them  a  great  many 
unconsumed  parts  of  the  fuel.  The  disadvantageous  influence  which  the  practice  of  using  the 
counter-pressure  of  the  steam  will  have  upon  the  engine  and  boiler  of  a  locomotive  will  thus  be  at 
once  understood.  But  let  us  examine  the  distribution  of  the  steam  produced  by  the  reversing  of 
the  valve-motion,  and  we  shall  find  that  it  is  very  disadvantageous,  and  becomes  still  more  disad- 
vantageous the  faster  the  engines  work  and  the  more  powerful  the  effect  becomes. 

Suppose  the  crank  to  stand  at  one  of  the  dead  points  A,  Fig.  1248,  that  it  travels  in  the  direction 
indicated  by  the  arrow,  and  thus  contrary  to  the  valve-motion  ;  then  the  angle  of  advance  becomes 
negative.  The  steam  enters  the  cylinder  behind  the  piston,  until  the  latter  has  reached  the 
point  B,  where,  at  the  ordinary  working  of  the  engine,  the  steam  in  front  of  the  piston  began  to 
be  admitted.  It  is  a  very  short  distance,  but  the  clearances  of  the  pistons  are  filled,  and  a  small 
but  accelerated  expansion  of  the  steam  takes  place  till  the  piston  reaches  the  point  C.  The  com- 
pression began  formerly  at  that  point,  but  now  a  communication  with  the  exhaust  is  effected,  which 
remains  open  and  allows  the  air  to  enter  the  cylinder  behind  the  piston  during  the  full  forward 
stroke.  This  communication  with  the  exhaust-pipe  continues  in  front  of  the  piston  to  the  point 
D,  where  formerly  the  release  of  the  steam  began  ;  an  insignificant  compression  of  the  air  follows 
next,  till  the  piston  arrives  at  E,  where  formerly  the  expansion  of  the  steam  began.  But  only 
now,  after  the  piston  has  travelled  a  part  of  its  stroke  and  its  velocity  becomes  great  in  proportion 
to  the  velocity  of  the  crank,  the  admission  of  the  counter-effect  begins  through  the  slow! v- opening 
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port-  the  pistón  has  to  travel  a  farther  distance,  dependent  upon  its  velocity,  before  it  meets  in 
front  with  steam  of  sufficient  pressure.  The  most  important  period  has  almost  passed  ineffi- 
caci«, usi  v,  and  the  work  done  by  the  piston  is  thus  very  insignificant.  That  work  is  represented 
in  a  graphical  manner  in  Fig.  1248,  by  the  dark  hatchings  abed,  after  the  accelerated  expansion 
work  ode  has  been  deducted. 


1249 


Diagram  for  the 
steam-repression  brake. 


Diagram  for  the 

compression  of  the  steam. 

System  Zeh. 


Diagram  for 
Landsee's  steam-brake. 


Diagram  for 
reversing  the  valve-gear. 


Fig.  1248. — ce.  Pressure  of  the  steam  in  the  boiler.  E,  Beginning  of  the  admission  of  the  counter- 
steam  in  front  of  the  piston.  D,  Exhaust  shut  before  the  piston.  B,  The  admission  of  steam  cut  off 
behind  the  piston.     C,  Exhaust  opens  behind  the  piston. 

Fig.  1249. — D,  Exhaust  opens  behind  the  piston.    E,  Expansion  begins  behind  the  piston.     B,  Admis- 
sion of  the  steam  begins  in  front  of  the  piston.     C,  Exhaust  shut  before  the  piston. 

Fig.  1250. — D,  Exhaust  opens  behind  the  piston.  E,  Expansion  begins  behind  the  piston.  B,  Com- 
munication with  the  steam-chest  begins  in  front  of  the  piston.  C,  The  admission  of  the  counter-steam 
begins  in  front  of  the  piston. 

Fig.  1251. — B,  Communication  with  the  steam-chest  begins  in  front  of  the  piston.  C?  Compression 
begins  in  front  of  the  piston.  D,  Admission  of  the  counter-steam  begins  behind  the  piston.  E,  Com- 
munication with  the  steam-chest  shut  behind  the  piston.' 

Engineers  have  always  had  sufficient  reason  to  regret  that  drivers  should  be  prohibited  to  apply 
this  simple  and  powerful  means  of  stopping  trains;  and,  moreover,  retardation  by  means  of  friction- 
brakes,  considered  theoretically  as  well  as  practically,  is  imperfect,  since  the  vis  viva  of  the  trains 
bad  to  be  entirely  destroyed  by  an  external  application  of  the  brake,  to  diminish  the  velocity. 

It  is  not  surprising,  under  such  circumstances,  that  the  proposition  of  Lechatelier  was  soon 
a | »proved  of  and  applied  first  in  France  and  then  in  Switzerland.  According  to  M.  Lechatelier's 
plan,  Figs.  1252,  1253,  a  pipe  is  led  from  thé  exhaust-pipe  of  the  engine  to  a  small  closed  vessel, 


which  la  connected  with  the  boiler  by  two  other  pipes,  each  furnished  with  a  cock.    One  of  these 
c »""OMeswith  the  boiter  above,  and  the  other  below  the  water  line,  and  bv  means  of  them 
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a  mixture  of  steam  and  water  can  be  introduced  into  the  closed  vessel,  and  from  it,  led  by  the  pipe 
first  mentioned,  to  the  exhaust-pipe.  The  action  of  this  arrangement  is  as  follows  : — When 
the  engine  is  reversed  for  the  purpose  of  retard- 
ing the  train,  the  pistons  would,  under  ordinary 
circumstances,  pump  air  into  the  boiler,  mixed 
with  dust  from  the  smoke-box,  cutting  and  da- 
maging the  working  surfaces  of  the  cylinders  and 
valves. 

To  prevent  this  damage,  M.  Lechatelier's  plan 
provides  for  the  admission  of  the  mixture  of  steam 
and  water  into  the  blast-pipe  when  the  engine  is 
reversed,  and  the  pistons  then  pump  this  mix- 
ture, instead  of  air,  into  the  boiler.  The  water 
serves  to  lubricate  the  pistons,  and  the  quantity 
admitted  is  just  about  as  much  as  will  be  evapo- 
rated by  the  heat  generated  by  the  friction  of  the 
working  parts.  The  supply  of  steam  to  the  blast- 
pipe  is  generally  allowed  to  be  somewhat  in  ex- 
cess of  the  quantity  which  can  be  pumped  back 
into  the  boiler  by  the  pistons,  and  the  small  quan- 
tity, which  is  thus  constantly  escaping  at  the 
blast-nozzle,  serves  to  prevent  the  admission  of  a  current  of  air.  But  experience  has  not  only 
shown  that  Lechatelier's  method,  es¡)ecially  at  a  high  speed  of  the  engine,  is  in  many  cases  not 
powerful  enough,  but  that  the  admission  of  the  proper  quantity  of  steam  and  water  requires  great 
skill  from  the  drivers. 

The  Compression  of  the  Steam— The  method  proposed  by  Zeh  takes  place  by  shutting  the 
exhaust-pipe  and  placing  the  valve-gear  on  a  high  grade  of  expansion,  so  that  the  steam  has  to 
perform  not  only  little  work,  but  the  escape  of  the  expanded  steam  is  also  prevented,  and  the 
latter  is  thus  compressed  at  the  backward  stroke  of  the  piston. 

The  diagram,  Fig.  1249,  shows  that  the  intensity  of  the  effect  can  only  be  increased  to  a  trifling 
degree.  The  pressure  of  the  steam  in  front  of  the  piston  and  at  the  commencement  of  the  stroke 
can  only  be  little  more  than  that  of  the  atmosphere,  and  the  piston  has  to  travel  half  of  its  stroke 
before  the  compression  at  C  begins.  When  the  crank  arrives  at  B,  almost  at  the  end  of  the  stroke, 
the  pressure  of  the  steam  in  front  of  the  piston  is  still  much  less  than  the  pressure  of  the  steam 
in  the  boiler  which  acts  now  upon  the  piston  for  the  remainder  of  the  stroke.  We  get  thus  at 
first  a  retarding  work,  represented  in  the  figure  by  the  area  a  b  e  c  d;  next  a  propelling  work, 
represented  by  the  area  a  e  c  d,  and  composed  of  the  area  c  e,  the  work  done  by  the  full  pressure  of 
the  steam,  and  the  area  e  a,  the  work  done  by  the  expansion  of  the  steam.  The  comparison 
between  the  two  works  shows  in  fact  a  very  insignificant  effect  of  this  method. 

The  Compression  of  Air  in  the  Cylinders  has  been  proposed  by  M.  de  Bergues  as  a  means  for 
retarding  the  motion  of  locomotives.  According  to  M.  de  Bergues'  plan,  the  regulator  and  the 
blast-pipe  are  shut,  the  admission-pipe  is  put  in  communication  with  an  air-vessel  which  is 
provided  with  a  safety-valve,  the  exhaust-pipe  is  put  in  communication  with  the  atmosphere, 
and  the  valve-motion  is  reversed.  The  counter-pressure  can  thus  be  increased  to  a  certain  degree, 
independently  of  the  pressure  in  the  boiler  ;  but  here  also  the  disadvantages  appear  to  be  very 
great.  In  the  first  instance,  M.  de  Bergues  sacrifices  the  relation  to  the  boiler;  and  hence  he 
cannot  accumulate  a  sufficient  retarding  force.  Xext,  he  reverses  the  valve-motion,  and  has  thus 
from  the  beginning  a  disadvantageous  distribution  of  steam,  which,  moreover,  must  produce  a 
limited  effect  of  the  power,  as  the  pressure  of  the  steam  is  very  variable. 

The  air-vessel  must  not  be  too  large,  in  order  to  produce,  quickly,  highly  compressed  air  ; 
a  perceptible  reduction  of  the  pressure  of  the  compressed  air  effects  the  filling  of  the  steam- 
cylinders.  The  compression  produces,  besides,  a  high  temperature  in  the  cylinders,  which  require 
special  precautions  and  a  very  abundant  oiling  ;  finally,  the  arrangement  and  management  of  the 
apparatus  are  rather  complicated.  It  gives  very  good  results  for  short  runs,  but  not  under  pro- 
longed working. 

Steam-Brake  of  M.  de  Landsee. — M.  de  Landsee  acts  upon  the  very  correct  principle  to  produce 
the  retarding  power  by  means  of  using  steam  from  the  boiler  as  a  back-pressure  upon  the  pistons 
in  a  more  advantageous  manner  than  with  the  reversing  of  the  valve-gear.  For  that  purpose, 
M.  de  Landsee  adds  to  the  engine  for  the  admission  of  the  steam  in  front  of  the  piston  a  second 
valve-gear,  to  the  cylinder  another  steam-chest  and  another  system  of  ports  ;  for  the  movement  of 
the  second  valve  he  fixes  an  eccentric  rectangular  to  the  crank,  a  link  and  the  necessary  gear. 
In  order  to  retard  the  motion  of  the  engine,  the  exhaust-pipe  is  shut,  the  main  valve-gear  is  placed 
on  a  high  grade  of  expansion,  so  that  the  steam  behind  the  piston  performs  a  little  work  by 
expansion,  whilst  the  steam  in  front  of  the  piston,  which  has  entered  the  cylinder  through  the 
second  steam-chest  G,  Figs.  1251,  1255,  is  pressed  back  into  the  boiler,  and  acts  thus  by  its 
repression  upon  the  piston  in  comparison  to  the  compression  performed  in  the  cylinder. 

It  must  be  admitted  that  this  arrangement  offers  a  satisfactory  solution  of  the  existing 
problem  ;  but  if  the  apparatus  is  destined  to  produce  a  more  powerful  effect  than  the  apparatus 
previously  examined,  two  moments  of  some  importance  have  been  neglected. 

Let  us  examine  what  occurs  during  one  revolution  of  the  crank.  The  main  valve  H  is 
supposed  to  have  opened  the  port  as  much  as  the  linear  advance.  The  clearance  of  the  piston, 
which  in  the  present  construction  is  enlarged  on  account  of  the  second  port  communicating  with 
the  steam-chest  G,  amounting  at  least  to  1\  per  cent,  of  the  volume  of  the  cylinder,  is  still 


filled  with  steam  from  the  last  repression.     If  we 
X7§  per  cent,  the  filling  of  the  cylinders,  c  c  will 


suppose  T\j  to  be  the  degree  of  expansion,  or 
show  in  a  graphical  manner,  in  Fig.  1250.  the 
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work  donc  ululer  thé  lull  procuro  of  the  steam,  find  eT>  the  work  performed  during  the  expansion 
of  the  steam,  where  1)  representa  the  beginning  of  the  release  of  the  steam,  which  takes  place 


after  the  piston  has  travelled  about  70  per  cent,  of  the  stroke  ;  the  steam  will  thus  have  lost 
in  a  proportion  of  77 '5  to  17*5  of  its  pressure.  Although  the  exhaust  is  shut  and  prevents 
the  escape  of  this  steam  of  almost  \  of  the  pressure  of  the  steam  in  the  boiler,  a  considerable 
volume  of  fresh  steam  enters  the  cylinder  from  that  part  of  the  exhaust  which  extends  to  the 
distribution-valve  S,  and  which  had  been  filled  during  the  preceding  repression.  If  we  suppose 
the  volume  of  that  part  to  be  20  per  cent,  of  that  of  the  cylinder,  the  pressure  of  the  steam  will 
increase  in  a  proportion  of 

17v5  .  17j5       /    _  17J>\_20_         17'5  .   17'5 

77-5*  77-5  +  \        77*57  97-5,0r  77-5  '  77-5  + 
At  the  end  of  the  stroke  the  pressure  will  have  again  decreased  in  a  proportion  of  127*5  :  97 '5, 
and  we  get  thus  with  a  pressure  of  8  atmospheres  in  the  boiler,  after  all,  only  a  pressure  of 


p  =  s( 


+  0-16 


97-5 


2  •  3  atmospheres. 


•5   "  /  127-5 

The  value  of  the  accelerated  work  is  thus  higher  than  at  first  calculated  ;  it  amounts  at 
least  to  45  per  cent,  of  the  total  work  performed  by  the  piston  (according  to  Boyle's  law).  But 
another  circumstance,  which  reduces  the  retarding  power  at  a  high  speed  of  the  locomotive,  has 
been  entirely  neglected,  namely,  the  want  of  lead  for  the  admission  of  the  counter-steam.  Of 
course,  this  lead  could  only  be  obtained  on  account  of  a  still  more  disadvantageous  distribution 
of  the  Bteam  on  the  backward  stroke  of  the  piston,  or  by  fixing  a  fourth  eccentric.  The  valve  G 
must  thus  travel  a  distance  corresponding  to  its  lap,  before  it  admits  the  counter-steam  into  the 
cylinder,  niter  the  piston  has  reached  the  end  of  the  stroke.  At  a  high  speed,  the  piston  will 
have  to  travel  a  considerable  part  of  its  stroke  before  it  meets  in  front  with  steam,  the  pressure 
of  which  is  equal  to  that  in  the  boiler. 

The  whole  construction,  although  very  ingenious,  is  too  complicated,  and  the  large  clearances 
of  the  pistons,  required  by  the  two  systems  of  ports,  are  great  disadvantages.  The  simple 
principle,  to  admit  steam  into  the  cylinder,  and  to  have  it  pressed  back  into  the  boiler  by  the 
movement  of  the  piston,  without  any  modification  of  the  valve-motion,  but  by  allowing  the  steam 
to  enter  the  cylinders  through  the  exhaust-pipes,  instead  of  through  the  ordinary  steam-pipes,  has 
been  adopted  in 

;  Reprea  ion  Brake  of  Krauss  and  Co.,  Munich. — This  plan  consists  in  an  arrangement  by 
up  ans  of  which  the  Bteam  can  be  made  to  enter  the  cylinders  through  the  exhaust-pipes,  instead 
of  through  the  ordinary  steam-pipes,  the  blast-nozzle  being  at  the  same  time  closed,  and  the 
admitted  through  the  exhaust-pipes  being  pumped  back,  partly  into  the  boiler,  and  partly 
Into  the  steam-chests,  from  which  it  escapes  through  an  adjustable  valve  into  the  chimney.  Of 
course,  the  engine  has  not  to  be  reversed,  as  in  ML  Lechatelier's  arrangement. 

The  simples!  arrangemenl  is  to  place  the  regulator  in  the  smoke-box,  and  to  provide  it  with 

nent-valve,  as  shown  in  Figs.  L256  to  L259.    The  regulator-valve  R  is  connected  with  the 

blast-pipe  by  a  tube  A.  and  the  blast-pipe  is  also  provided  with  a  segment-valve  B.    When  the 

inlet  to  the  steam-chest  is  shut  by  the  Brat-mentioned  valve,  and  the  communication  with  the  blast- 

pipe  ¡   "¡"  a,  the  outlel  of  the  latter  being  shut,  then  the  sham  passes  from  the  boiler,  through 

tube  and  the  blast-pipe,  into  the  outlets  or  discharged  ports  of  the  slide-valve,  and  rushes 

be  piston  with  a  counter-pressure  equal  to  the  steam-pressure  during  nearly  the  full 

thai  i    to  say,  during  the  time  thai  the  steam  is  acting  to  work  the  engine;  during  this 

counter-pressure  the  sham  ie  returned  into  the  boiler.     When  about  -a-  of  the  stroke  has  been 
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accomplished,  the  outlet  is  shut,  and  the  steam  being  still  in  the  cylinder,  is  further  compressed  till 
the  oTdinarv  inlet  is  opened  by  the  slide-valve  ;  and  this  steam  can  then  escape  to  the  steam-chest 
and  from  there  through  a  valve  to  the  chimney.  This  valve  is  regulated  by  a  cock,  and  can  be  put 
in  communication  through  the  inlet-tube,  Fig.  1261,  with  the  steam-chest,  but  during  the  working 
of  the  engine  the  valve  is  shut.  This  valve  regu- 
lates the  quantity  of  steam  which  is  retained  in  the 
steam-chest,  and  also  regulates  the  work  ot  the 
brake  The  regulation  of  the  back-pressure  may 
also  be  effected  by  regulating  the  steam-pressure 
in  the  blast-pipe,  and  this  is  done  by  enlarging 
or  narrowing  the  inlet  opening,  also  by  admitting 
steam  to  the  steam-chest  through  the  regulator- 
valve  and  expansion-valve  ;  that  is  to  say,  by  the 
introduction  of  steam  into  the  cylinder  on  both 
sides  of  the  piston.  To  simplify  the  working  of 
the  apparatus,  the  regulator-valve,  the  blast-pipe 
valve,  and  the  valve  with  the  regulating  cock, 
are  connected  by  levers,  so  that  by  simply  moving 
the  regulator  the  engine  can  be  driven  at  full 
speed,  or  can  be  reversed.  By  this  arrangement 
of  the  apparatus  it  is  possible  nearly  instantane- 
ously to  change  the  propelling  force  of  the  engine 
into  a  retarding  force.  When  the  piston  is  nearly 
at  the  end  of  the  stroke,  on  the  other  side,  the 
slide-valve  begins  to  open  the  admission  open- 
ings, and  the  steam  passes  into  the  empty  cylin- 
der, so  that  the  latter  is  full  of  steam  when  the  1261. 
piston  returns  ;   this  steam  is  now  forced  back 

into  the  boiler.  This  action  continues  till  the  slide-valve  shuts  the  communication  between  the 
cylinder  and  the  admission  opening  ;  the  confined  steam  is  then  further  compressed.  This  com- 
pression is  at  the  highest  point  when  the  slide-valve  is  in  communication  with  the  cylinder  and 
the  steam-chest  just  before  the  crank  is  at  the  dead  point  ;  the  steam  then  passes  into  the 
steam-chest  and  through  the  valve.  It  is  necessary  that  the  slide-valves  should  be  prevented 
from  being  pressed  back  by  the  compressed  steam,  and  Figs.  1257  to  1261  show  the  arrange- 
ment employed  for  that  purpose.  The  valve,  it  will  be  seen,  is  fitted  with  a  piston,  at  the 
back  of  which  is  a  hole,  which  is  connected  by  a  tube  with  the  blast-pipe,  so  that  while  braking, 
the  steam  can  act  upon  the  piston  and  prevent  the  pressing  back  of  the  slide-valve.  Fig.  1251 
shows  the  distribution  and  action  of  the  steam  in  a  graphical  manner.  At  D,  where  formerly  the 
release  of  the  steam  began,  the  admission  of  the  counter-steam  into  the  cylinder  commences, 
so  that  when  the  piston  arrives  at  the  end  of  its  stroke,  the  whole  cylinder  is  filled  with  counter- 
steam,  which  has  to  be  pressed  back  into  the  boiler  by  the  piston,  till  the  crank  has  reached 
the  point  C,  when  the  communication  with  the  blast-pipe  is  cut  off.  The  remaining  steam  is  com- 
pressed until  the  point  B  is  reached,  when  it  escapes  through  the  valve  into  the  steam-chest. 
Whilst  the  steam  acts  with  full  pressure  during  the  whole  stroke  in  front  of  the  piston,  the  com- 
munication with  the  steam-chest  is  maintained  behind  the  piston,  until  the  crank  arrives  at  the 
point  E. 

Dynamometer-Brake. — Prony's  Friction  Dynamometer- Brake. — A  friction  brake  may  be  employed 
to  measure  the  power  applied  to,  and  the  mechanical  effect  produced  by,  a  shaft  or  other  part  of  a 
machine  which  revolves  uniformly  ;  it  must  be  clearly  understood  that  neither  the  power  nor  the 
ciì'cct  can  be  measured  unless  the  revolutions  continue  uniform  after  the  brake  is  applied  and 
adjusted.  Piobert  and  Fardy,  in  1821,  applied  a  brake  as  a  dynamometer  to  determine  the  power 
of  water-wheels;  but  M.  Prony  first  applied  a  brake  to  determine  the  power  transmitted  by 
steam. 

It  was  determined  by  experiment  that  friction  had  a  uniform  resisting  power  that  might  be 
intensified  by  pressure:  Prony  contrived  a  brake  to  apply  this  retarding  power  to  bring  revolving 
shafts  to  given  or  required  uniform  velocities,  so  that  the  power  applied  by,  or  conserved  in,  a 
inachine  might  bo  measured.  Prony's  brake,  in  its  simplest  form,  is  shown  in  Fig.  1262.  Let  the 
circle  O  be  a  cross-section  of  a  horizontal  shaft, 

which  is  revolving,  but  not  uniformly;  M,  M,  A,  ¡J ~         çw?  1262' 

IS  I  lie  brake,  the  pressure  of  which  may  be  in-    r- -^     ~  -"<  - 
areased  or  diminished  by  tightening  or  loosening 


the  screws  <•,  <■,  respectively.  A  circular  cavity  is 
made  in  the  two  wooden  jaws  M,  M',  which  re- 
ceives the  revolving  shaft  (')  ;  the  upper  jaw  M  is 
Lengthened  to  support  a  balance  scalo  A  P,  which 
1 1 1  :  i  \  be  loaded  with  any  required  weight.    The  J*' 

operation  which  we  are  aboutto  describe  must  not 

be  confounded  with  that  of  weighing  a  body  by  means  of  a  lever  and  fixed  prop.  Now,  suppose 
that  :i  shaft  O  makes  k  uniform  revolutions  a  minute,  and,  at  the  same  time,  drives  any  machinery 
\\  batever,  and  that  we  require  to  know  the  amount  of  power  employed  in  driving  such  machinery. 
To  effect  this  object,  the  communication  between  the  shaft  O  and  the  machinery  driven  by  it  must 
be  removed,  and  the  brake  so  tightened  on  the  Bhaft  that  it  will  make  just  k  revolutions  a  minute. 
V\  bile  the  brake  is  being  pressed  by  the  sorews  <■,  e,  to  obtain  the  necessary  amount  of  friction,  it 
Li  prevented  from  being  turned  with  theshaft  by  props.  Then  weights  are  placed  in  the  scale  A, 
lo  bring  thi    irm  M  \  into  e  horizontal  position:  the  props  which  prevented  the  brake  from  being 
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whirled  round  with  the  snaft  are  not  in  contact  with  the  brake  when  MA  is  horizontal.  When 
the  brake  is  thus  screwed  up  and  poised,  the  shaft  must  continue  to  make  k  uniform  revolutions  a 
minute  ;  then  the  power  transmitted  by  the  shaft  O  may  be  calculated.  Let  P  be  the  weight  sus- 
pended at  A,  and  p  the  perpendicular  distance  from  the  centre  of  O  to  the  line  A  P  f  Q  the 
weight  of  the  scale  and  that  part  of  the  apparatus  which  assists  the  weight  P  ;  G  its  centre  of 
gravity,  and  q  the  perpendicular  distance  from  O  to  the  line  Gi-  Q.  The  reaction  of  the  friction  of  the 
jaws  M,  M',  upon  the  revolving  shaft  O  may  be  resolved  into  normal  forces  n,  n\  ri',  ....  and 
tangental  forces  /,/',/",  ....  acting  in  the  direction  of  the  rotatory  motion.  "When  the  equi- 
librium of  the  apparatus  is  established,  the  sum  of  the  moments  of  these  different  forces,  in  relation 
to  the  centre  of  O,  must  be  equal  to  zero.  But  the  normal  forces  have  no  moments,  and  if  r  be 
put  for  the  radius  of  the  shaft,  we  have  the  equation  /  r  -f-  /'  r  +  f"  r  +  .  .  .  .  —  Pp  —  Q  q  —  O. 
Or  putting  2  />  for  the  sum  of  the  forces  /  r  +  f  r  -f  /"  r  -f  •  •  •  .  we  have  the  equation 

2/r  =  Pp  +  Qg-.  [1] 

Taking  the  angular  velocity  at  the  distance  of  a  unit  from  the  centre  of  O  (see  Angular  Velocity), 
the  work  of  friction  for  one  revolution  is  found  by  multiplying  2/r  by  2tt,  it  being  put  =  3*14159 
....  ;  whence,  if  N  =  the  number  of  revolutions  a  minute,  and  if  £p/  be  put  for  the  work  of  the 

friction  in  a  second,  we  have  (£*/  =  2  /  r.    When  the  value  of  the  general  expression  con- 


ventionally written  2/? 


60 
from  equation  [1],  is  substituted,  we  have 


[2] 


The  weight  P,  required  to  bring  A  M  to  a  horizontal  position,  and  the  perpendicular  distance 


EI? 


p,  are  known.  The  moment  Q  q  may  be  found  in  the  fol- 
lowing manner: — The  apparatus  is  weighed,  as  shown  in 
Fig.  1263,  by  supporting  the  brake,  detached,  on  a  knife- 
edge  I,  and  bringing  the  lever  I A  into  a  horizontal  position 
by  means  of  a  weight  P'  attached  to  a  cord,  which  passes 
over  a  fixed  pulley,  and  is  connected  to  the  end  A  of  the 
lever.  The  friction  of  the  pulley  being  neglected,  the  ten- 
sion T  is  equal  to  the  force  P',  and  we  have  the  equation 
Tp  =  Qq  oiF'p  =  Qq.  [3] 

The  weight  P'  is  termed  the  permanent  load. 

Substituting  F'p  for  Q  q  in  equation  [2],  we  obtain  the  equation 
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N  the  uniform  revolutions  and  P  become  known  when  the  brake  is  perfectly  adjusted. 

If,  for  example,  p  =  2m  ■  50  ;  F  =  30k ,  and  the  shaft  0,  Fig.  1262,  to  make  continually  forty 
uniform  revolutions  a  minute  when  P  =  120k ,  then  N  —  40,  and  the  general  expression 

<£/  -  a'14159265*40  (120  +  so)  x  (2.5)  =  1570-79633 

French  units  of  work,  or  1570 '79633  kilogrammes  raised  the  height  of  1  mètre.      The  French 
consider  a  horse-power  =  75  kilogrammes  raised  1  mètre  in  a  second.     75  French  units  of  work 

33000 
are  equal  to  542 -5  English  units  of  work;  — —  =  550;  but  550  :  542*5  ::  1  :  -9864;  therefore  an 

60 
English  horse-power  is  a  French  horse-power,  as  1  is  to  '9864  nearly.     1570*79633  -r-  75  =  20*94 
horse-power,  according  to  the  French  method  of  measurement. 

Again,  suppose  p  =  8  ft.  ;  P'  =  50  lbs.  ;  P  =  250  lbs.  ;  and  N  =  40  ;  then 

¿P/  = — (250  +  50)  8  =  10052*12  units  of  work  a  minute; 


30 


10052*12 
550 


18*28  horse-power  (English). 


In  practice,  the  jaws  are  not  directly  applied  to  the  shaft;  but  if  the  latter  is  of  cast  iron, 
a  circular  frame,  expressly  framed  and  bored  for  that  pur-  12gi# 

pose,  is  fastened  to  it  by  means  of  adjusting-screws.  If 
the  shaft  is  of  timber,  and  of  a  large  size,  it  is  surrounded 
by  a  ring  formed  of  two  parts  and  provided  with  screws 
for  its  correct  centering  ;  this  ring  is  fastened  to  the  shaft 
by  means  of  wedges.  In  both  cases  the  jaws  of  the  brake 
are  applied  to  the  circular  frame  or  ring,  as  shown  in 
Fig.  1264. 

If  the  product  2/r  or  r  2/  remains  the  same  for  an 
equal  number  of  horse-power,  2/  is  so  much  greater,  the 
smaller  r  is  taken.  But  the  friction  may  thus  become 
too  great,  and  by  altering,  consequently,  the  contacting 
surfaces,  it  will  also  lose  its  uniformity.     Experience  has  proved  that  with 


a  diameter  of  between 
16  and  20  centimètres, 
30    „    40 
60    „    80 


and  a  velocity  of  between 

20  and  30  revolutions  per  minute, 
15    „    30  ,,  „ 

15    „    30 


the  power  can  be  measured  of 


6  or 

8  horses, 

15  „ 

25      „ 

40  „ 

70      „ 
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A  little  more  than  half  the  brake  is  shown 
in  this  figure. 


A  high  speed  is,  besides,  favourable  to  the  regularity  of  the  experiment,  as  M.  Morin  has  con- 
firmed at  Bonchet.  A  uniform  friction  is  necessary  for  the  maintenance  of  the  equilibrium  of  the 
lever  during  the  rotatory  motion  of  the  shaft  ;  the  lever  assumes  always  a  little  oscillating  motion, 
which  is  ofno  consequence  as  long  as  it  keeps  within  strict  limits  ;  but  if  these  oscillations  become 
considerable,  an  irregularity  in  the  friction  has  taken  place,  and  the  retarding  power  of  the  fric- 
tion cannot  under  such  circumstances  be  measured. 

On  account  of  the  length  of  the  lever,  the  weight  at  A,  Fig.  1262,  may  of  itself  tighten  the 
screws  ;  in  order  to  remove  this  inconvenience,  which  sometimes  produces  false  results,  M.  Poncelet 
has  proposed  to  make  the  two  jaws  of  equal  length,  and  to  place  the  bolts  near  the  point  A, 
Fig.  1265.  The  flexibility  of  the  wood  permits  a  gradual  tightening,  which  renders  this  arrange- 
ment preferable  to  the  ordinary  one. 

To  establish  stable  equilibrium,  M.  Poncelet  applied 
the  weight,  not  to  the  point  A  itself,  but  to  the  end  of 
a  vertical  rod  A  B,  fastened  to  one  of  the  jaws.  It  thus 
happens,  that  if  the  lever  begins  to  turn  round  with 
the  shaft,  the  lever-arm  of  the  weight  P  increases  im- 
mediately, and  the  friction  ceasing  to  be  preponderant, 
the  apparatus  returns  to  its  equilibrium. 

If  the  shaft  is  vertical,  the  weight  cannot  be  applied 
directly  to  the  end  of  the  lever,  but  a  cord  fastened  to 
it  is  made  to  pass  horizontally  in  a  perpendicular  direc- 
tion over  a  fixed  pulley. 

A  plummet  suspended  before  the  end  of  the  lever  will  show  the  position  of  the  brake  when 
equilibrium  is  established. 

M.  Morin  has  extended  the  useful  application  of  the  brake  as  a  dynamometer,  for  he  does 
more  than  measure  by  it  the  work  done  for  a  given  or  required  uniform  velocity  of  a  shaft. 

The  extended  application  to  which  we  allude  may  be  thus  described  : — 

When  the  shaft  turns  round  without  meeting  with  any  resistance,  and  after  the  supports  of  the 
lever  have  been  removed,  a  weight  between  5  and  10  kilogrammes  is  placed  at  the  end  of  the 
lever;  the  screws  are  now  tightened,  till  an  equilibrium  of  the  apparatus  is  established.  The 
uniform  velocity  or  speed  of  the  shaft  is  measured,  and  the  units  of  work  done  are  ascertained.  A 
new  weight  is  again  added  to  that  already  acting  at  the  end  of  the  lever  ;  the  screws  are  made 
more  tight,  until  equilibrium  is  again  established,  and  the  uniform  speed  of  the  shaft  and  the 
work  performed  are  determined.  The  weight  at  the  end  of  the  lever  is  gradually  increased,  and 
the  screws  for  the  establishment  of  an  equilibrium  tightened,  till  the  shaft  stops  or  turns  in  an 
irregular  manner.  The  work  done,  in  each  second,  is  thus  obtained  for  a  variety  of  uniform  speeds, 
from  the  greatest  to  the  least  possible.  A  curve  is  drawn,  the  abscissge  of  which  represent  the 
velocities,  and  the  co-ordinates  the  corresponding  values  of  the  ratios  between  the  work  given  by 
the  brake  and  the  work  of  the  motor.  This  curve  indicates  the  nature  and  power  of  the  machine  ; 
it  gives  the  performed  work  corresponding  to  an  average  uniform  speed  of  a  shaft,  and,  besides,  it 
shows  the  uniform  speed  which  corresponds  to  the  maximum  effect. 

Fig.  1266  represents  the  results  of  a  series  of  experiments  made  with  a  turbine  of  the  System 
Fontaine.  The  abscissae  are  proportional  to  the  number  of  revolutions  of  the  wheel  a  minute,  and 
the  co-ordinates  represent  the  corresponding  values  of  the  actual  effects  multiplied  by  100.  It 
will  be  seen  from  the  diagram  that  the  maximum  actual  effect  is  produced  with  about  forty-five 
uniform  revolutions,  and  that  this  maximum  is  about  0  *  60,  that  is  to  say,  the  maximum  actual 
effect  is  0  •  60  of  the  motive  power. 


Writers  "ii  mechanics,  and  especially,  those  who  attempt  to 
'  tplain  the  action  of  a  brake  employed  as  a  regulator  to  pro- 
duce e  uniform  effect,  do  not  drav  a  proper  distinction  between 
the  action  of  a  toggle,  and  thai  of  a  system  of  compound  levers. 
To  place  this  matter  m  a  dear  light  vrehave  only  toexpláin  the 
action  of  n  ample  toggle-joint,  since  the  propertied  of  the  lever 
are  m  il  known. 

11  A  B      BC      M  i  oi  in.  be  the  arms  of  a  toggle-joint, 
-'■<  :  the  poinl  A  La  Axed,  but  the  rod  A  B  maybe  turned  round  A  as  a  centre.    The  joints 

'■'  ,    '   ;';'  :i1  "  I •  bui  C  is  constrained  to  move  in  a  given  path.    In  the  right-angled  triangle 

IM   ''      DA  l;nml  DB  perpendicular  to  AC.  putting  ÜB  =  2-4  in.,  then  CD  =  DA  =  143-99  m 


BRAKE. 


619 


1268. 


Suppose  a  force  P  of  200  lbs.  to  be  applied  at  B,  in  the  direction  of  B  D  as  indicated  by  the 
arrow  P ;  when  the  two  bars  AB,  B C,  are  brought  into  a  straight  line  in  the  direction  of  the 
arrow  Q,  what  weight  W  may  be  thus  moved  by  the  action  of  the  force  P  ?  W  is  constrained 
to  move  in  a  given  path  by  the  action  of  the  equal  forces  R  and  S.     Units  of  work  done  bv 

2*4 
P=  -^  x  200  =  40  units  of  work.    287'98  =  AC,  and  AB+BO  =288-02.     288'02-287'98  = 

•04  in.,  the  space  over  which  W  must  pass  in  the  direction  indicated  by  the  arrow  Q  when  B  is 

moved  from  B  to  D.     .-.  -— -  W  =  the  units  of  work  done  in  raising  W,  consequently  — -  W=  40, 

W 

or  ^— rr-  =  40;    .*.  W  =  12000  lbs.,  which  exceeds  5  tons. 

oVU 

John  George  Appold's  brake,  which  constituted  the  most  important  part  of  the  machinery 
employed  to  pay-out  the  French  Atlantic  Cable,  owes  its  efficiency  and  success  to  a  judicious 
application  of  the  toggle-principle  to 
control  and  regulate  the  retarding 
power  of  friction.  The  principle  upon 
which  Appold  formed  this  mechanical 
combination  may  be  thus  explained  : — 
In  Fig.  1268,  O  is  the  pivot  of  the 
brake-wheel,  C  the  pivot  on  which  the 
lever  C,  A,  B,  works;  W  represents 
the  weight  on  the  brake.  The  brake- 
wheel  D  E  is  attached  to  the  paying- 
out  drum.  When  the  friction  of  the 
brake-strap  B  D  E  A  is  greater  than 
the  weight  W,  the  latter  is  lifted  up 
and  takes  a  position  w;  C  B  A  takes 
the  position  O  b  a  ;  the  strap  takes  the 
position  b  D  E  a  ;  and  the  force  W  may 
be  resolved  into  two  forces,  one  acting 
along  a  b  e,  which  is  neutralized  by  the 
pivot  C,  and  another  P  acting  perpen- 
dicular to  C  a  ;  the  reacting  force  Q 
on  the  pivot  C  straightens  the  toggle 
O  C  a  into  its  original  position  O  C  B  A, 
by  a  very  trifling  force  Q.  Thus  the 
strap  a  E  D  b  is  relaxed  and  allows  the 
wheel  D  E  to  slip. 

J.  G.  Appold's  Brake  Apparatus  for 
Laying  Submarine  Telegraphic  Cables, 
Figs.  1269,  1270,  relates  to  a  novel 
arrangement  or  construction  of  a  self-acting  or  self-relieving  brake,  which  may  be  adapted  to 
the  drums,  pulleys,  or  shafts  of  the  apparatus  employed  for  submerging  or  paying-out  tele- 
graphic cables  into  the  water.  It  is  advisable  that  the  strain  on  the  cable  while  being  payed- 
out  into  the  water  should  be  always  maintained  as  uniform  as  possible  under  all  circumstances, 
so  that  no  danger  of  breaking  or  damaging  the  cable  by  any  sudden  or  undue  strain  may  be 
apprehended.  This  object  is  effected  by  adapting  to  the  shafts  of  the  paying-out  pulleys  a  drum, 
on  the  surface  of  which  a  uniform  friction  is  maintained  by  means  of  binding  bands  or  straps, 
which  are  connected  with  a  weighted  vibrating  or  movable  lever.  This  lever  is  capable  of  being 
weighted  to  any  desired  extent,  according  to  the  amount  of  friction  required  to  be  maintained. 
.  The  weights  or  pressure  put  on  the  brake  determines  the  friction  thereof  on  the  rotating  drums, 
and  consequently  the  amount  of  strain  on  the  cable,  which  strain  can  be  regulated  with  nicety  and 
great  facility.  The  weights  or  pressure  acting  on  the  vibrating  lever  or  other  convenient  part  of 
the  brake  has  a  tendency  to  draw  the  friction  strap  or  band  tight  on  the  rotating  drum,  while 
the  rotation  of  the  drum  has  a  constant  tendency  to  lift  the  weight,  and,  by  loosening  the  strap 
or  band  on  the  drum,  to  relieve  the  brake  from  the  pressure  to  which  it  is  subjected.  From  this 
it  will  be  understood  that  these  two  forces  are  acting  in  opposition,  and  consequently  the  one  has 
a  tendency  to  counteract  the  other,  so  that  a  uniform  strain  or  friction  is  always  maintained  on 
the  rotating  drum,  the  amount  of  the  friction  being  regulated  by  the  amount  of  the  pressure  or 
weight  adapted  to  the  drum. 

It  will  now  be  understood  that  the  brake  is  perfectly  self-acting,  and  the  friction  thereof  is 
always  maintained  uniform.  Provision  may  be  made  for  relieving  the  brake  from  pressure 
instantaneously  when  required  by  means  of  suitable  gearing,  whereby  the  weighted  lever  or  levers 
is  or  are  lifted  up,  and  the  friction  straps  or  bands  thereby  loosened  on  the  rotating  drums.  This 
may  be  effected  by  means  of  a  hand-wheel,  or  by  connecting  the  gearing  with  a  drum  or  shaft  to 
be  actuated  by  the  engine  which  works  the  paying-out  gear. 

Fig.  1269  is  a  side  elevation,  and  Fig.  1270  a  plan  view,  of  an  apparatus  for  paying-out  cables. 
The  cable  a  enters  the  apparatus  over  a  grooved  guide-wheel  or  pulley  6,  from  whence  it  passes 
to  one  of  the  grooves  of  a  four-grooved  druni  or  pulley  c,  and  after  passing  round  this  drum  or 
pulley  it  is  conducted  round  a  similar  grooved  drum  or  pulley  d,  and  so  on,  the  cable  being  made 
to  pass  four  times  round  the  two-grooved  drums  c  and  d,  from  which  it  is  ultimately  delivered 
over  another  pulley  e,  either  directly  into  the  water  or  through  a  dynamometer  apparatus, 
whereby  the  tension  or  strain  on  the  cable  may  be  ascertained  and  indicated.  On  the  axles  or 
shafts  h  of  each  of  the  grooved  drums  c  and  d  are  two  friction  wheels  or  drums  /,  /,  /*,  /*,  which 
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are  surrounded  by  friction-bands  g,  g,  g*,  g*,  provided  with  segmental  blocks  of  wood,  which  when 
the  bands  are  drawn  tight  are  made  to  press  on  the  surface  of  the  wheels  or  drums  /,  /*,  and 
thereby  produce  the  necessary  amount  of  friction  to  act  as  a  brake  upon  the  drums.  On  the  ends 
of  the  shafts  h  are  mounted  the  toothed  wheels  i,  i,  Fig.  1270,  which  are  geared  together  by  the 
pinion  »,  and  therefore  rotate  at  the  same  speed.  This  toothed  gearing,  however,  is  not  required 
while  the  cable  is  being  lowered  or  submerged,  and  therefore  it  may  be  thrown  out  of  gear  during 
this  operation,  and  will  only  be  required  when  the  apparatus  is  used  to  haul  in  the  cable,  as  would 
be  required  in  case  of  accident  to  the  cable. 


1269 


iV^SSy-     r: 
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I  he  ends  of  the  straps  or  bands  g,  g*,  are  secured  in  any  convenient  manner  to  pins  k,  \  Fig. 
1269.  fix. ,|  on  the  vibrating  Levers  /',  /',  each  of  which  passes  through  a  hole  made  in  the  arms  m. 
I  tie  boles  m  these  arms  form  the  centres  of  motion  of  the  levers  I', I',  and  as  these  centres  of  motion 
are  on  one iside  of  the  centreof  the  friction  wheels  /,/*,  and  bands  0,0*  it  foUows  that  by  causing  these 
levers  '»  r»*°  ""'"'  ""  n"  "'  centres  of  motion,  as  indicated  in  Fig.  1209,  they  will  either  tighten 
'""  l""~'"l  ,lir  friction-bands,  according  to  the  direction  in  which  the  levers  are  moved.  On  the 
"l.',"T  Blde  "'  ""'  ,,:""ls  !m'  iWv{{  tho  ,)lo(;ks  »,  n,  to  which  are  attached  the  horizontal  rods  0,  0, 
which  are  secured  M  one  1  od  to  one  of  the  blocks  n  by  an  adjustable  attachment,  as  shown  in  Figs, 
i-'.-».  U70,  and  they  are  jointed  at  their  opposite  ends  to  tho  vibrating  bell-crank  levers  p,p. 
1  hese  (  vers  are  supported  in  bearing*  fixed  on  tho  framing,  and  to  the  longer  end  of  each  is 
aaapted  a  weight  or  weights,  or  a  system  of  .springs  or  other  contrivances,  whereby  the  levers  may 
!'.''  J1'  I'"  ~  "'  :  ;M"1  ''>  ll"'  levers  thus  drawing  forward  the  horizontal  rods  0,  o,  they  will  tend  to 
lighten  Ihr  liiction-han.ls  gr,  .,,*,  round  the  friction-drums  f,  /*.  It  will  now  be  understood  that 
as  the  cable  is  being  payed-out,  it  (by  passing  round  the  grooved  pulleys  c  and  d)  draws  the 
motion-*  l„  els  /,  /,  round,  and  by  the  friction  of  the  wheels  /  on  the  bands  g\  g*,  tends  to  open 
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the  latter,  and  thereby  relieve  the  wheels  from  the  friction  of  the  bands.  At  the  same  time  the 
weights  or  springs  on  the  ends  of  the  bell-crank  levers  p,  p,  will  draw  the  friction  straps  or  bands 
g,  g*,  in  the  opposite  direction,  thereby  having  a  tendency  to  tighten  them  on  the  friction-wheels 
/,  /*.  These  two  forces  will  always  be  acting  in  contrary  directions,  and  any  increase  in  the  action 
of  the  one  will  be  counteracted  by  the  other.  In  order  to  prevent  any  jar  in  the  machinery  by 
the  weights  at  the  end  of  the  bell-crank  levers  p,  p,  suddenly  descending  when  the  friction  on  the 
bands  or  straps  g,  g*,  alters,  it  is  convenient  to  attach  to  the  weights,  which  are  made  of  a  cylin- 
drical or  other  convenient  form,  a  piston,  which  is  made  to  work  in  a  cylinder  q.  This  cylinder 
or  dash-pot  is  supplied  with  water,  and 
as  the  piston  is  made  pretty  nearly  to 
fit  the  internal  diameter  of  the  cylinder 
ç,  the  water  will  to  some  extent  mode- 
rate and  regulate  the  motion  of  the 
weights,  and  will  prevent  them  from 
jumping  up  and  down.  It  is  conve- 
nient to  cause  the  friction-wheels  to 
rotate  or  work  in  water,  as  shown  at 
Fig.  1270,  for  the  purpose  of  keeping 
them  cool. 

When  a  dynamometer  apparatus 
is  employed  in  conjunction  with  the 
paying-out  apparatus,  for  the  purpose 
of  indicating  the  changes  that  take 
place  from  time  to  time  in  the  tension 
of  the  cable,  Appold  employs  an  appa- 
ratus constructed  upon  an  improved 
plan,  whereby  weights  are  dispensed 
with,  and  springs  employed  in  place 
thereof.  The  cable  when  delivered 
from  the  paying-out  apparatus  above 
described,  passes  from  the  delivery 
pulley  under  or  over  a  movable  pulley, 
which  is  mounted  on  a  block  that 
works  up  and  down  in  vertical  guides. 
This  block  is  supported  at  a  given 
altitude  in  the  guides  by  means  of 
coiled  or  other  springs  placed  either 
above  or  below  the  pulley,  which  is 
made  to  bear  against  the  cable,  and 
as  the  tension  thereof  varies,  so  the 
pulley  with  its  block  is  caused  to  rise 
or  fall  in  its  guides,  as  is  well  under- 
stood in  reference  to  ordinary  dynamo- 
meters. This  invention  shows  that 
John  George  Appold  was  a  man  of 
considerable  genius  and  profound  me- 
chanical skill. 

The  Prony  dynamometer-5ra£e  employed 
by  J.  B.  Francis  in  making  experiments 
•  on  hydraulic  motors  is  shown  in  Figs.  1271, 
1272  ;  Fig.  1271  is  a  sectional  elevation, 
and  Fig.  1272  is  a  sectional  plan.  The  fric- 
tion-pulley A  is  of  cast  iron,  5'5  ft.  in 
diameter,  2  ft.  wide  on  the  face,  and  3  in. 
thick.  It  is  attached  to  the  vertical  shaft  by 
the  spider  B,  the  hub  of  which  occupies  the 
place  on  the  shaft  intended  for  the  bevel- 
gear.  The  friction-pulley  has  on  its  interior 
circumference  six  lugs  C,  C,  corresponding 
to  the  six  arms  of  the  spider.  The  bolt- 
holes  in  the  ends  of  the  arms  are  slightly 
elongated  in  the  direction  of  the  radius,  for 
the  purpose  of  allowing  the  friction-pulley 
to  expand  a  little  as  it  becomes  heated, 
without  throwing  much  strain  upon  the 
spider.  When  the  spider  and  friction-pulley 
are  at  the  same  temperature,  the  ends  of 
the  arms  are  in  contact  with  the  friction- 
pulley.  The  friction-pulley  was  made  of 
great  thickness  for  two  reasons.  When 
the  pulley  is  heated,  the  arms  cease  to 
be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they 
would  not  prevent  the  pressure  of  the  brake  from  altering  the  form  of  the  pulley.  This  renders 
great  stiffness  necessary  in  the  pulley  itself.     Again,  it  was  found  that  a  heavy  friction-pulley 
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increases  more  regularity  in  the  motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing  small 

irrCT Retakes  E  and  F  are  of  maple  wood;  the  two  parts  are  drawn  together  by  the  wrought- 

^ÄKjFWBat'  SHU!  the  scale  I,  and  at  the  other  the  piston  of  the  hydraulic 
KEGüLATOR  K  ;  this  end  carries  also  the  pointer  L,  which  indicates  the  level  of  the  horizontal  arm. 
The  vertical  arm  is  connected  with  the  brake  F  by  the  link  M,  Fig.  1^73. 

The hydraulic  regulator  K,  Figs.  1271,  1272,  and   1274,  is  a  very  important  addition  to  the 
Prony  dynamometer-brake,  first  suggested  by  Boyden  m  1844. 
the   violent  shocks  and  irregularities  which  usually 
occur  in  the  action  of  this  valuable  instrument,  and 
are  the  cause  of  some  uncertainty  in  its  indications. 

The  hydraulic  regulator  used  in  these  experiments 
consisted  of  the  cast-iron  cylinder  K,  about  1  •  5  ft.  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping-stone  of  the  wheel-pit,  as  repre- 
sented in  Fig.  1271.     In  this  cylinder  moves  the  piston 
N,  formed  of  plate  iron  0'5  in.  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell-crank  by 
the  piston-rod  0.    The  circumference  of  the  piston  is 
rounded  off,  and  its  diameter  is  about  -&  in.  less  than 
the  diameter  of  the  interior  of  the  cylinder.      The 
action  of  the  hydraulic  regulator  is  as  follows  : — The 
cylinder  should  be  nearly  filled  with  water,  or  other  heavy 
inelastic  fluid.    In  case  of  any  irregularity  in  the  force  of 
the  wheel,  or  in  the  friction  of  the  brake,  the  tendency  will 
be  either  to  raise  or  lower  the  weight  ;  in  either  case  the 
weight  cannot  move,  except  with  a  corresponding  movement 
of  the  piston.     In  consequence  of  the  inelasticity  of  the 
fluid,  the  piston  can  move  only  by  the  displacement  of  a 
portion  of  the  fluid,  which  must  evidently  pass  between  the 
edge  of  the  piston  and  the  cylinder  ;  and  the  area  of  this 
space  being  very  small,  compared  to  the  area  of  the  piston, 
the  motion  of  the  latter  must  be  slow  ;  giving  time  to  alter 
the  tension  of  the  brake-screws  before  the  piston  has  moved 
far.     It  is  plain  that  this  arrangement  must  arrest  all  vio- 
lent shocks;  but,  however  violent  and  irregular  they  may 
be,  it  is  evident  that,  if  the  mean  force  of  them  is  greater 
in  one  direction  than  in  the  other,  the  piston  must  move  in 
the  direction  of  the  preponderating  force,  the  resistance  to 
a  slow  movement  being  very  slight.     A  small  portion  of 
the  useful  effect  of  the  terbine  must  be  expended  in  this 
instrument  ;  probably  less,  however,  than  in  the  rude  shocks 
the  brake  would  be  subject  to  without  its  use. 

For  the  purpose  of  ascertaining  the  velocity  of  the  wheel, 
a  counter  was  attached  to  the  top  of  the  vertical  shaft,  so 
arranged  that  a  bell  was  struck  at  the  end  of  every  fifty  revolutions  of  the  wheel. 

To  lubricate  the  friction-pulley,  and  at  the  same  time  to  keep  it  cool,  water  was  let  on  to  its 
surface  in  four  jets,  two  of  which  are  shown  in  Fig.  1272.  These  jets  were  supplied  from  a  large 
cistern,  in  the  attic  of  the  neighbouring  building,  kept  full  by  force-pumps.  The  quantity,  of 
water  discharged  by  the  four  jets  was,  by  a  mean  of  two  trials,  0*0288  cubic  ft.  a  second. 

In  many  of  the  experiments  with  heavy  weights,  and  consequently  slow  velocities,  oil  was  used 
to  lubricate  the  brake,  the  water,  during  the  experiment,  being  shut  off.  It  was  found  that,  with 
a  small  quantity  of  oil,  the  friction  between  the  brake  and  the  pulley  was  much  greater  than  when 
the  usual  quantity  of  water  is  applied;  consequently,  the  requisite  tension  of  the  brake-screws  was 
jmikIi  less  with  the  oil,  as  a  lubricator,  than  with  water.  This  may  not  be  the  whole  cause  of  the 
phenomenon;  but,  whatever  it  may  be,  the  ease  of  regulating  in  slow  velocities  is  incomparably 
greater  with  oil,  as  a  lubricator,  than  with  water  applied  in  a  quantity  sufficient  to  keep  the  pulley 
cool.  The  oil  was  allowed  to  flow  on  in  two  fine  continuous  streams;  it  did  not,  however,  prevent 
the  pulley  from  becoming  heated  sufficiently  to  decompose  the  oil,  after  running  some  time,  which 
was  distinctly  indicated  by  the  smoke  and  peculiar  odour.  When  these  indications  became  very 
apparent,  the  experiment  was  stopped,  and  water  let  on  by  the  jets,  until  the  pulley  was  cooled. 
As  the  pulley  became  heated,  the  brake-screws  required  to  be  gradually  slackened. 

In  the  experiments,  in  Table  II.  (see  Tuebine  Water-wheel\  the  lubricating  fluid  was  as 
follows  : — 

In  the  hist  twenty-six  experiments,  water  alone  was  used. 

In  the  four  experiments  niimliered  from  27  to  30,  three  gallons  of  linseed-oil  were  used. 

In  all  the  experiments  requiring  a  lubricator,  and  numbered  from  31  to  48,  inclusive,  linseed- 
oil  was  used. 

In  experiments  1!)  and  50,  resin-oil  was  used. 

In  experiments  numbered  from  51  to  GO,  inclusive,  water  alone  was  used, 
in  experiment  61,  resin-oil  was  used. 

[n  experiment  <!2,  resin-oil  and  a  small  stream  of  water  were  used; — in  the  latter  part  of  the 
experiment,  b  good  deal  of  steam  was  generated  by  the  heat  of  the  friction-pulley. 
In  experiment  68,  resin-oil  alone  was  used. 
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In  experiments  numbered  from  GO  to  72,  inclusive,  water  alone  was  used. 

In  experiments  numbered  from  73  to  79,  inclusive,  resin-oil  and  a  small  stream  of  water  were 
used. 

In  experiments  numbered  from  81  to  84,  inclusive,  water  alone  was  used. 

In  experiments  85  and  86,  resin-oil  and  a  small  stream  of  water  were  used. 

In  experiment  87,  resin-oil  alone  was  used. 

In  experiments  90  and  91,  water  alone  was  used. 

In  experiment  92,  resin-oil  and  a  small  stream  of  water  were  used. 

A  special  apparatus  was  provided  to  indicate  the  direction  in  which  the  water  left  the  wheel. 
For  this  purpose  the  vane  P,  Figs.  1271,  1275,  1276,  was  placed  near  the  circumference  of  the 
wheel,  and  was  keyed  on  to  the  vertical   shaft  Q, 

which  turned  freely  on  a  step  resting  on  the  wheel-  1275- 

pit  floor.  The  upper  end  of  the  shaft  carried  the 
hand  E,  Fig.  1271,  and  directly  under  the  hand  was 
placed  the  graduated  semicircle  S,  divided  into  180°. 
When  the  vane  was  parallel  to  a  tangent  to  the  cir- 
cumference of  the  wheel,  drawn  through  the  point 
nearest  to  the  axis  of  the  vane,  and  the  vane  was  in 
the  direction  of  the  motion  of  the  wheel,  the  hand 
pointed  at  0°,  and,  consequently,  when  the  vane  was 
in  the  direction  of  the  radius  of  the  wheel,  the  hand 
pointed  at  90°.  To  prevent  sudden  vibrations  of  the 
vane,  a  modification  of  the  hydraulic  regulator  was 
attached  to  the  lower  part  of  the  vane-shaft.  This 
apparatus  is  represented  in  detail  by  Figs.  1275,  1277. 

The  quantity  of  water  discharged  by  the  wheel 
was  gauged  at  a  weir  erected  for  the  purpose  at  the 
mouth  of  the  wheel-pit. 

As  the  water  issued  from  the  orifices  of  the  turbine 
with  considerable  force,  particularly  when  the  velocity 
of  the  wheel  was  much  quicker  or  slower  than  that 
corresponding  to  the  maximum  coefficient  of  effect, 
there  were  often  such  violent  commotions  in  the  wheel- 
nit,  that,  unless  some  mode  was  adopted  to  diminish 
them  before  the  water  reached  the  weir,  or  even  the 
place  where  the  depths  on  the  weir  were  measured, 
it  would  have  been  impossible  to  make  a  satisfactory 
gauge  of  the  water.     For  this  purpose  a  grating  was 
placed  across  the  wheel-pit.     This  grating  presented 
numerous  apertures,  nearly  uniformly  distributed  over 
its  entire  area,  through  which  the  water  must  pass. 
In  the  experiments  with  a  full  gate,  the  fall  from  the 
upper  to  the  lower  side  of  the  grating  was  generally 
from  3  to  4  in.     The  combined  -effect  of  this  fall  and  of  the 
numerous  small  apertures  was  to  obliterate  almost  entirely  the 
whirls  and  commotions  of  the  water  above  the  grating.     About 
4*5  ft.  in  length  of  the  grating  was  so  nearly  closed  that  but 
little  water  passed  through  that  part  of  the  grating  ;  this  made 
it  very  quiet  in  the  vicinity  of  the  gauge-box. 

The  weir  consisted  of  two  bays  of  nearly  equal  length  ;  the 
crest  of  the  weir  was  almost  exactly  horizontal,  and  the  extreme 
variation  did  not  exceed  0  ■  01  in.  The  crest  of  the  weir  was  of 
cast  iron,  planed  on  the  upper  edge,  and  also  on  the  upstream 
face,  to  a  point  1-125  in.  below  the  top;  below  this  there  was  a 
small  bevel,  also  planed,  the  slope  of  which,  on  an  average,  was 
■^  in.  in  a  height  of  f  in.  ;  the  remainder  of  the  casting  was 
unplaned.  The  crest  of  the  weir  was  f  in.  thick,  and  was  hori- 
zontal. The  upstream  edge  was  a  sharp  corner.  The  ends  of 
the  weir  were  of  wood,  and  of  the  same  form  as  the  crest, 
except  that  there  was  no  bevelled  part.  The  crest  of  the  weir 
was  about  6*5  ft.  above  the  floor  of  the  wheel-pit.  The  ends 
of  the  weir  projected  from  the  walls  of  the  wheel-pit,  and  also 
from  the  central  pier,  a  mean  distance  of  1  •  235  ft.  The  length 
of  one  bay  was  8*489  ft.,  and  of  the  other  8 '491  ft.,  making  the  total  length  of  the  weir  16-98  ft. 

The  depth  of  the  water  on  the  weir  was  taken  in  a  gauge-box  by  means  of  the  hook-gauge  L, 
which  is  represented  in  detail  in  Figs.  1278  to  1280. 

The  hook-gauge  is  the  invention  of  Boyden,  and  is  an  instrument  of  inestimable  value  in 
hydraulic  experiments.  In  '  Versuche  über  den  ausfluss  des  wassers  durch  Schieber,  hähne, 
klappen  und  ventile,'  by  Julius  Weisbach,  Leipzig,  1842,  page  1,  is  described  an  instrument  for 
observing  heights  of  water,  having  a  slight  resemblance  to  the  hook-gauge  ;  it  was,  however,  used 
by  Boyden  in  a  more  perfect  form  several  years  previous  to  the  publication  of  that  work.  All 
other  known  methods  of  measuring  the  heights  of  the  surface  of  still  water  are  seriously  incom- 
moded by  the  effects  of  capillary  attraction  ;  this  instrument,  on  the  contrary,  owes  its  extra- 
ordinary precision  to  that  phenomenon.    The  point  of  the  hook  A,  Fig.  1279,  is  represented  as 
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coinciding  with  the  surface  of  the  water.  If  the  point  of  the  hook  should  be  a  very  little  above 
Sie  surface,  the  water  in  the  immediate  vicinity  of  the  hook  would,  by  capillary  attraction,  be 
elevated  with  it,  causing  a  distortion  in  the  reflection  of  the 
light  from  the  surface  of  the  water.  The  most  convenient 
method  of  observing  with  this  instrument  is,  first,  to  lower 
the  point  of  the  hook,  by  means  of  the  screw,  to  a  little 
distance  below  the  surface  ;  then  to  raise  it  again  slowly,  by 
the  same  means,  until  the  distortion  of  the  reflection  begins  to 
show  itself;  then  to  make  a  slight  movement  of  the  screw  m 
the  opposite  direction,  so  as  just  to  cause  the  distortion  to  dis- 
appear ;  the  point  will  then  be  almost  exactly  at  the  level  of 
the  surface.  ,.  ..  ,  ,, 

With  no  particular  arrangements  for  directing  light  on  the 
surface,  differences  in  height  of  0-001  ft.  are  very  distinct 
quantities  ;  but  by  special  arrangements  for  light  and  vision, 
differences  of  0-0001  ft.  might  be  easily  appreciated. 

As  this  instrument  cannot  be  efficiently  used  in  a  current,  it 
was  placed  in  a  box  in  which  the  communication  with  the  ex- 
terior was  maintained  by  a  hole,  when,  by  partially  obstructing 
this  communication,  the  extent  of  the  oscillations  could  be 
diminished  at  will. 

For  very  exact  observations  it  is  essential  that  the  surface 
of  the  water  should  be  at  rest.  If,  however,  it  should  oscillate 
a  little,  a  good  mean  may  be  obtained  by  adjusting  the  point 
of  the  hook  to  a  height  at  which  it  will  be  visible  above  the 
surface  of  the  water  only  half  the  time. 

The  movable  rod  to  which  the  hook  was  attached  was  of 
copper,  and  graduated  to  hundredths  of  feet,  but  by  means  of 
the  vernier  thousandths  were  measured,  and  in  some  cases  ten 
thousandths  were  estimated.  In  later  and  more  perfect  forms 
of  this  instrument,  the  point  of  the  hook  is  immediately  under 
the  graduation. 

The  heights  of  the  water  in  the  fore-bay  and  in  the  wheel- 
pit  were  taken  by  means  of  gauges,  placed  in  the  gauge-boxes. 
Both  gauges  were  graduated  to  feet  and  hundredths,  and  both 
had  the  same  zero-point,  namely,  the  level  of  the  crest  of  the 
weir,  so  that  the  difference  in  the  readings  at  the  two^  gauges 
gave  at  once  the  fall  acting  upon  the  wheel  ;  and  the  difference 
between  the  depths  of  the  water  on  the  weir,  as  observed  at  the 
hook-gauge,  and  the  reading  at  the  gauge,  gave  the  fall  at  the 
grating. 

The  heights  of  the  regulating-gate  were  taken  at  the  rack. 
The  weights  used  for  measuring  the  useful  effect  were  pieces  of 
pig-iron  of  various  sizes,  each  of  which  had  been  distinctly, 
marked  with  its  weight. 

Mode  of  Conducting  the  Experiments. — A  separate  observer 
was  appointed  to  note  each  class  of  data;  the  time  of  each 
observation  was  also  noted,  which  gave  the  means  of  identifying 
simultaneous  observations.  To  accomplish  this,  each  observer 
was  furnished  with  a  watch  having  a  second-hand  ;  the  watch 
by  which  the  speed  of  the  wheel  was  observed  was  taken 
as  the  standard  ;  all  the  others  were  frequently  compared  with 
it,  and  when  the  variations  exceeded  ten  or  fifteen  seconds 
they  were  either  adjusted  to  the  standard,  or  the  difference 
noted. 

This  mode  of  observing  must,  evidently,  lead  to  more  precise 
results  than  that  in  which  a  single  observer,  however  skilful, 
undertakes  to  note  all  the  phenomena,  or  even  several  of  them. 
By  the  method  adopted  a  regular  record  is  made  of  the  state  of 
things  at  very  short  intervals,  furnishing  the  data  for  a  mean 
result  for  any  required  period,  and  also  the  means  of  detecting, 
in  most  cases,  the  causes  of  apparent  discrepancies.  It  also 
relieves  the  experimenter  from  the  distraction  of  having  nume- 
rous exact  observations  to  make  in  a  very  short  time,  and  leaves 
him  much  more  at  liberty  to  exercise  a  vigilant  watch  over  the 
general  coarse  of  thè  experiment. 

As  it  may  be  useful  to  experimenters  not  accustomed  to 
this  mode  of  observing,  and  at  the  same  time  afford  the  reader 
some  means  of  judging  of  the  accuracy  of  the  results  ob- 
tained in  these  experiments,  the  following  extracts  are  given 
from  the  original  note-books.  The  extracts  include  the  data 
rved  for  experiment  numbered  30  in  Table  II.  (see  Turbine 
Vf  à  i  i.k-wiiEEL).  This  experiment  is  selected  simply  because  it  gave  the  maximum  coefficient  of 
effect. 
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Weight  in  the  Scale. 


4h  43'  added 


lbs. 

oz. 

L498 

10* 
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Weight  for  the  next  experiment 
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Speed  op  the 

Wheel. 

Times  at  which  the 
Bell  struck. 

Differences. 

Times  at  which  the 
Bell  struck. 

Differences. 

Times  at  which  the 
Bell  struck. 

Differences. 

hrs.  min.       sec. 
4     55     58-00 

56  56-50 

57  55-25 

58  54-25 

59  53-00 

sec. 

58-50 
58-75 
59-00 
58-75 

hrs.  min.      sec. 
5     0    5200 

1  50-75 

2  49-50 

3  48-00 

sec. 
59-00 
58-75 
58-75 
58-50 

hrs.  min.      sec. 
5      4    47-00 

5  45-50 

6  44-25 

7  43-00 

sec. 
59-00 

58-50 

58-75 
58-75 

The  bell  struck  once  in  every  fifty  revolutions  of  the  wheel. 
Elevation  op  the  Pointée  on  the  Bell-Ckank. 


Time. 

Height  of 

Time. 

Height  of 

Time. 

Height  of 

Pointer,  in  Feet. 

Pointer,  in  Feet. 

Pointer,  in  Feet. 

hrs.  min.    sec. 

hrs.  min.    sec. 

1 

hrs.   min.   sec. 

4    55      0 

0-19 

4    59     30 

0-20 

5      4      0 

017 

30 

0-13 

5      0      0 

0-18 

30 

018 

56 

013 

30 

019 

5 

0-24 

30 

0-14 

1 

0-21 

30 

0-18 

57 

0-15 

30 

0-17 

6 

019 

30 

0-19 

2 

0-20 

30 

0-19 

58 

0-20 

30 

0-19 

7 

0-16 

30 

0-19 

3 

0-19         1 

30 

0-14 

59 

0-21 

30 

0-19 

The  extremity  of  the  pointer  was  6  •  5  ft.  from  the  fulcrum  of  the  bell-crank.     When  the 
horizontal  arms  of  the  bell-crank  were  level,  the  height  of  the  pointer  was  0  ■  20  ft. 


Height  op  the  Wate 

Et   ABOVE   THE 

Wheel. 

Time. 

Height,  in  Feet. 

Time. 

Height,  in  Feet. 

Time. 

Height,  in  Feet. 

hrs.  min.     sec. 

hrs.  min.    sec. 

1      hrs.   min.   sec. 

4    55      0 

15-100 

4    59    30 

15-110 

5      4       0 

15-120 

30 

15-100 

5      0 

15-115 

30 

15  120 

56 

15-100 

30 

15-120 

5 

15120 

30 

15-100 

1 

15-120 

30 

15115 

57 

15-110 

30 

15-110 

6 

15-115 

30 

15-115 

2 

15-105 

30 

15-110 

58 

15-110 

30 

15-100 

7 

15-110 

30 

15-100 

3 

15115 

30 

15-110 

59 

15-105 

30 

15-125 

The  top  of  the  weir  is  the  zero-point  of  the  gauge  in  the  fore-bay. 
Height  of  the  Water  apter  passing  the  Wheel. 


Time. 

Height,  in  Feet. 

Time. 

Height,  in  Feet. 

Time. 

Height,  in  Feet. 

hrs.  min.    sec. 

his.   min.  sec. 

hrs.   min.   sec. 

4    56      0 

2-20 

5      0      0 

2-21 

5      4      0 

2 

22 

30 

2-21 

30 

2-21 

30 

2 

21 

57 

2-21 

1 

2-21 

5 

2 

21 

30 

2-21 

30 

2-21 

30 

2 

21 

58 

2-21 

2 

2-21 

6 

2 

21 

30 

2-21 

30 

2-21 

30 

2 

20 

59 

2-20 

3 

2-20 

7 

2 

22 

30 

2-21 

30 

2-20 

30 

2-20 

The  top  of  the  weir  is  the  zero-point  of  the  gauge  in  the  wheel-pit 
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Heigiit  of  tue  Water  above  tue  Weir  by  the  Hook-Gauge. 


Time. 

Height,  in  Feet.  ' 

Time. 

H<  ight,  in  Feet. 

Time. 

Height,  in  Feet. 

hrs.  min.    sec. 
1     57      5 

1-8710 

hrs.    min.    sec. 

5       1     10 

1-8690 

hrs.   min.  sec. 
5      4    35 

1-8730 

58     15 

1-8710 

1     45 

1-87C0 

5     50 

1-8725 

5S    50 

1-8720 

2     15 

1-8720 

6     25 

1-8725 

59    20 

1-8730 

2     50 

1-8720 

6     55 

1-8725 

59    50 

1-8715 

3     15 

1-8715 

7     20 

1-8720 

5      0     15 

l-871p       I 

3    40 

1-8715 

7    45 

1-8715 

0     45 

1-870; 

4      5 

1-8730 

The  zero  of  the  hook-gauge  was  0-002  ft.  below  the  top  of  the  weir. 
Direction  or  the  Water  leaving  the  Wheel. 


Time. 

Direction. 

Time. 

Direction. 

Time. 

Direction. 

hrs.   min.     sec. 

0 

hrs.    min.   sec. 

'         1 

hrs.    min.  sec. 

O               1 

4     57       0 

59       0 

5       1       0 

57       0 

5       5       0 

58      0 

30 

57       0 

30 

59     £0 

30 

59     30 

58 

59       0       | 

2 

58       0 

6 

59     30 

30 

58       0 

30 

57       0 

30 

57      0 

59 

58      0 

3 

60       0 

7 

59      0 

30 

58    30 

30 

58       0 

30 

57     30 

5       0 

57      0 

4 

59       0 

8 

59      0 

30 

57     30 

30 

56       0 

When  the  vane  pointed  in  the  direction  of  the  radius  of  the  wheel,  the  reading  of  the  index 
was  90°.     0°  was  in  the  direction  of  the  motion  of  the  wheel. 

Previous  to  the  commencement  of  the  experiments,  the  apparatus  for  measuring  the  useful 
effect  was  carefully  adjusted.  The  bell-crank  was  balanced  when  there  were  no  weights  in  the 
scale.  For  this  purpose  the  link  M,  Fig.  1273,  was  removed,  and  the  chamber  of  the  hydraulic 
regulator  filled  with  water  ;  weights  were  then  applied  to  the  top  of  the  bell-crank,  near  the  end 
to  which  the  hydraulic  regulator  was  attached,  until  the  whole  was  in  equilibrium,  the  final 
adjustment  was  made,  by  placing  a  weight  of  about  2  lbs.  at  the  extremity  of  one  of  the  hori- 
zontal arms  of  the  bell-crank, — the  arm  was  retained  horizontally  until  a  signal  was  given,  when 
it  was  left  at  liberty  to  descend,  and  the  time  occupied  in  descending  a  certain  distance  was 
noted;  the  weight  was  then  removed  to  the  extremity  of  the  other  arm,  and  the  same  process 
repeated.  The  balance-weights  were  altered  until  the  times  of  descent  were  equal.  To  overcome 
as  much  as  possible  the  friction  of  the  fulcrum,  the  pin  forming  it  was  lubricated  with  sperm-oil, 
and  during  the  descent  the  head  of  the  pin  was  struck  lightly  and  rapidly  with  a  small  hammer. 

After  the  bell-crank  was  satisfactorily  balanced,  the  link  M  was  reattached,  and  the  brake 
adjusted  by  means  of  the  screw  which  formed  the  connection  between  the  link  and  the  brake. 
It  was  adjusted  so  that  a  line  upon  the  brake  was  perpendicular  to  the  axis  of  the  link,  when  the 
horizontal  arm  of  the  bell-crank  was  horizontal.  The  length  of  the  brake  was  then  measured 
niton  this  line. 


The  length  of  the  brake  as  thus  measured  was  found  to  be     .. 
The  effective  length  of  the  vertical  arm  of  the  bell-crank  was 
And  the  effective  length  of  the  horizontal  arm  to  which  the  scale 
was  hung,  was      

9 '745  x  5 

Consequently,  the  effective  length  of  the  brake  was = 

4-5 


Feet. 
9-745 
4-500 

5-000 

10-827778 


The  gauges  in  the  fore-bay  and  in  the  wheel-pit  were  carefully  adjusted  by  levelling  from 
the  top  of  the  weir.     This  was  repeated  by  different  persons,  so  as  to  remove  all  chance  of  error. 

The  Hook-gauge  was  compared  with  the  weir  by  a  different  method.  When  the  regulating- 
gate  of  the  turbine  was  shut  down  as  tight  as  possible,  it  was  still  found  that  a  quantity  of  water 
Leaked  into  the  wheel-pit,  exceeding,  a  little,  the  quantity  that  leaked  out  of  the  wheel-pit,  so 
that  a  small  qi ialiti ty  continued  to  run  over  the  weir.  The  principal  leak  into  the  wheel-pit  was 
between  the  regulating-gate  and  the  lower  curb,  the  leather  packing  not  being  perfectly  adjusted. 
Th.  Hook-gauge  was  firmly  attached  to  a  post,  placed  in  the  wheel-pit  for  that  purpose,  and  at 
a  height  known  to  be  nearly  correct.  The  regulating-gate  was  closed,  and  after  the  water  had 
arrived  at  a  uniform  state,  the  height  of  the  water  at  the  Hook-gauge  was  noted,  and,  at  the  same 
111111  •  ln''  depths  <>f  the  water  on  (he  w,  ir  were  measured  directly  with  a  graduated  rule.  To 
perform  this  accurately,  a  hoard,  about  4  in.  long,  was  held  by  an  assistant  on  the  crest  of  the 
weir,  at  the  place  where  it  was  intended  to  measure  the  depth;  the  author  then  applied  the  rule, 
previously  well  dried,  vertically,  on  the  top  of  the  weir,  in  frontof  the  board.  On  first  immersing 
the  rule,  the  water  in  contact  with  it  «lid  not  stand  at  the  true  level  of  the  surface,  but  formed  a 
I'iil'  hollow  around  the  rule;  it  immediately  commenced  rising,  however,  and Lafter  a  fewmoments 
'""",  '/"  :1  Ieveli  whiih  was  indicai,, I  by  the  reflection  of  a  light  from  the  surface,  a  lamp  being 
'"'Id  bj  an  e   li  tant,  m  a  proper  position,  for  that  purpose. 
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The  depths  on  the  weir,  taken  in  the  manner  just  described,  February  20,  1851,  were  as 
follows  : — 

Depths  on  the  westerly  Depths  on  the  easterly 

Bay  of  the  Weir.  Bay  of  the  Weir. 

inches.  inches. 

0-37  0-36 

0-36  0-36 

0-37  0-36 

0-37  0-36 


Means..      ..   0-3675         0*36 


Or  in  feet    ..   0-0306         0*0300 


While  the  heights  given  in  the  preceding  Table  were  being  measured,  the  depth  by  the 
Hook-gauge  was  constantly  0*0318  ft.  consequently,  by  this  comparison,  the  zero  of  the  Hook- 
gauge  was  0*0012  ft.  below  the  mean  height  of  the  top  of  the  weir,  in  the  westerly  bay,  and 
0*0018  ft.  below  the  mean  height  in  the  easterly  bay,  or  0*0015  ft.  below  the  mean  height  in  both 
bays.  A  similar  comparison  was  made  February  22,  1851,  when  the  zero  of  the  Hook-gauge  was 
found  to  be  0  *  0024  ft.  beZ^w  the  mean  height  of  the  weir.  The  mean  of  the  two  comparisons,  or 
0  *  0020,  was  adopted  as  the  correction  to  be  subtracted  from  the  reading  of  the  Hook-gauge,  to  give 
the  mean  depth  upon  the  weir. 

During  the  experiments,  the  levels  of  the  water  in  the  upper  and  lower  canals  were  maintained 
nearly  uniform.  The  height  of  the  lower  canal,  at  the  place  where  the  water,  passing  the  weir, 
fell  into  it,  varied  a  little,  depending  upon  the  quantity  of  water  discharged  by  the  wheel.  It 
was  highest  when  the  wheel  was  running  with  the  regulating-gate  fully  raised,  and  the  brake 
removed;  under  these  circumstances  the  surface  of  the  water  was  from  0  3  ft.  to  0*4  ft.  below  the 
top  of  the  weir.  In  the  other  experiments  with  the  regulating-gate  fully  raised,  the  fall  from 
the  top  of  the  weir  to  the  surface  of  the  water  in  the  lower  canal  was  from  0  ■  4  ft.  to  0  *  6  ft.  The 
brackets  and  the  planks  were  not  put  on  until  after  the  turbine  experiments  were  concluded,  so 
that  the  water  passing  the  weir  met  with  no  obstruction  until  it  struck  the  water  in  the  lower  canal. 

The  obstruction  caused  by  the  planks  was  scarcely  appreciable,  which  renders  it  certain  that 
the  effect  of  the  lower  canal,  in  obstructing  the  flow  over  the  weir,  must  have  been  entirely 
inappreciable. 

Emerson's  Dynamometer-Brake. — A  reliable  dynamometer-brake,  like  that  of  James  Emerson, 
Fig.  1281,  which  would  show  the  amount  of  power  transmitted  at  all  times  and  under  all  circum- 
stances, is  a  useful  instrument.  When  the  object  is  merely  to  ascertain  the  amount  absorbed  or 
required  by  a  single  machine,  a  series  of  machines,  or  a  line  of  shafting,  or  the  necessary  means 
of  transmitting  power,  a  temporary  attachment  of  the  power-measurer,  Fig.  1281,  will  be  sufficient; 
but  there  are  cases  where  a  permanent  attachment  of  the  device  is  desirable.  Such  are  all  cases 
where  the  users  of  mechanical  power  are  hirers,  and  pay  so  much  for  each  horse-power  used.  The 
method  of  guessing  or  averaging,  based  on  width  of  belt,  size  of  pulleys,  and  weight  of  shafting,  is 
hardly  accurate  enough  where  the  cost  of  production  of  power  is  felt,  as  where  the  power  is  supplied 
from  a  steam-engine,  or  a  water  source  liable  to  diminish  in  amount,  or  fail  entirely.  The 
dynamometer-brake  should  also  be  so  simple  in  construction,  and  so  exact  in  operation,  as  to  be 
readily  understood,  and  afford  no  possible  or  justifiable  cause  for  controversy  between  hirer  and 
letter  of  power.     Such  is  the  design  of  the  device  of  Emerson. 

It  is  very  simple  in  construction,  and  direct  in  operation.  The  pulley  A  is  loose  on  the  shaft, 
and  receives  the  power.  Its  connection  with  the  shaft  is  made  by  means  of  a  wheel,  keyed  or 
screwed  firmly  to  the  shaft  in  close  contiguity  with  the  receiving  pulley,  its  hub,  in  fact,  forming 
one  of  the  guides  to  the  position  of  the  pulley  on  the  shaft.  To  connect  this  fixed  wheel  with  the 
loose  receiving  pulley,  a  bell-crank  lever  is  pivoted  into  projecting  ears  on  the  rim  of  the  fixed 
wheel  on  opposite  sides,  the  long  arm  of  which  connects  with  an  annidar  slotted  collar  on  the 
shaft  by  means  of  the  short  bars  B.  The  short  arms  of  the  bell-crank  levers  connect  on  the 
inside  of  the  fixed  wheel  with  two  radial  bars,  one  parallel  to  the  outer  arm  of  the  bell-crank,  and 
the  other  at  right  angles  to  it,  receiving  near  its  upper  end  a  pivot  passing  through  a  swivel  hung 
to  the  rim  of  the  fixed  wheel,  and  having  its  extreme  end  pivoted  to  a  stud  fixed  on  the  inner  side 
of  the  rim  of  the  receiving  pulley.  It  will  be  seen  from  this  description  that  the  strain  of  the 
power  received  through  the  belt  on  A  will  necessarily  react  on  the  levers,  and,  through  them,  on 
the  fixed  wheel,  which  may  be  considered  nothing  more  nor  less  than  a  support  to  these  levers  in 
sustaining  them  in  position  to  connect  the  loose  receiving  pulley  with  the  shaft. 

At  B  it  will  be  seen  the  levers  are  connected  by  pivots  with  the  sliding  collar,  in  the  annular 
groove  of  which  is  seated  a  strap  with  which  is  connected  a  forked  lever,  the  fulcrum  at  C.  To 
the  end  of  the  long  arm  of  this  lever  a  rod  with  a  short  section  of  machine  chain  is  attached. 
This  chain  runs  over  the  cylindrical  head  D  of  a  pendulum  weight  E,  having  a  pointer  that 
traverses  a  fixed  quadrant  F,  properly  di  ided  by  a  scale  to  denote  the  relative  pressure  exerted 
through  the  medium  of  the  receiving  puL  jy  on  the  shaft.  The  pulley  Gr  is  fixed  to  the  shaft,  and 
delivers  the  power. 

It  will  be  seen  that  all  the  motions  are  absolute,  there  being  no  chance  for  play  and  back-lash, 
except  that  of  joints  and  pivots  ;  and  this  by  good  workmanship,  can  be  reduced  to  the  minimum 
— too  little  to  be  taken  into  consideration  practically.  There  is  no  dependence  upon  springs, 
spiral,  or  other  forms,  which  are  so  liable  to  be  affected  by  changes  of  temperature,  and  so 
unreliable  between  extremes  of  demand.  It  is  a  weighing  machine  as  correct  in  principle  as  the 
old-fashioned  steelyards  or  the  platform-scales  ;  in  fact,  it  is  simply  a  rotary  platform-scale,  and 
each  machine  may  be  weighed  and  tested  in  place  by  hanging  to  the  pulley  A  sealed  weights, 
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i  •      ¿i     •    i^  «-  aaAh  wpio-ht  i«!  added     The  lengths  of  the  connecting-bars  and  chain 

and  T^^Th^^^^^^^^  aizea> and  in  different  styles' suitable  for 

Sini Ä  o SÄ^yoSo  kind  especially  adapted  for  spinning-frames,  looms,  &c  ; 
another  to  be  connected  by  belt  to  a  line  of  shafting  or  any  kind  of  machine.  And  one  especially 
adapted  for  testing  turbine  water-wheels,  to  which  it  is  easily  applied,  with  but  comparative 
small  expense. 


John  F.  Oilman's  Hemp-Brake  has  an  adjustable  cross-rail  I,  Fig.  1282,  secured  to  two  inclined 
arms  J  arranged  in  front  of  the  revolving  beaters  D  in  such  a  manner  as  to  admit  of  the  cross-rail 
being  adjusted  higher  or  lower  when  the  hemp  is  passed  over  it  on  its  passage  to  the  beaters  ;  the 
beaters  being  operated  by  means  of  the  cog-wheel  C. 

1282.  1283. 


1284. 


In  tlio  Flax  and  Hemp  Brake  of  A.  W.  Hall,  Figs.  1283,  1284,  a  bar  F  underlies  all  the  beaters 
0,  and  by  meaiiH  of  a  levcr-handlc  may  be  turned  up  edgewise  to  raise  all  the  beaters  evenly  when 
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desired.     The  beaters,  provided  with  openings  C,  knives  and  cutters  d,  and  saws  e,  are  operated  by 

means  of  pins  a  placed  in  one  or  more  spiral  rows  on  a  cylinder  A  in  connection  with  the  slotted 

bed  B,  and  a  suitable  spring  or  springs,  all  arranged 

so  that  the  beaters  will  work  consecutively  in  pairs 

and  perform  the  operations  of  braking,  scutching  and 

feeding  simultaneously.    The  knives  d  and  saws  e  are 

attached  to  a  few  only  of  the  beaters  on  the  discharge 

side  of  the  machine  to  cut  the  flax  or  hemp,  and  also 

to  separate  the  fibre  from  the  woody  portion,   and 

divide  it  into  finer  threads. 

Fig.  1285  shows  J.  Bryant's  Hemp  and  Flax  Brake. 
A  is  the  frame,  B  the  bed,  and  H  the  treadle.  The 
beater  O  is  operated  in  such  a  manner  that  in  the 
event  of  its  being  impeded  by  tough  hemp  or  flax,  it 
may  yield,  and  thus  avoid  undue  straining.  To  this 
end  the  rod  E,  which  connects  this  water  with  the 
working-beam  F,  is  pivoted  at  its  upper  end  to  a  zig- 
zag bar  h',  which  has  a  limited  range  of  motion  on  a 
pivot  which  secures  it  to  the  beam.  A  strong  spring 
G  upon  the  top  of  the  beam  bears  constantly  on  the 
zig-zag  bar  to  hold  it  quite  rigidly,  but  yet  allow  it 
and  the  beater  to  yield  slightly  when  necessary. 

See  Agricultukal  Implements.    Belts.    Dynamometer.    Friction.    Gearing..    Governor. 

BRANDERING.  Fr.,  Bevêtir  les  solives  de  voliges;  Ger.,  Beschalen;  It  al.,  Listellare  un 
soffitto. 

Brandering  is  the  covering  of  the  under-side  of  joists  with  battens  about  1  in.  square  in  the 
section,  and  12  to  14  iu.  apart,  to  nail  the  laths  to,  in  order  to  secure  a  better  key  for  the  plaster 
of  a  ceiling. 

BRAN-SEPARATOR.  Fr.,  Dodinage  ;  Ger.,  Kleisiéb;  Ital.,  Frullone;  Span.,  Cedazo  muy 
abierto. 

See  Barn  Machinery,  p.  228,  Figs.  544,  545. 

BRASS.     Fr.,  Laiton,  Cuivre  jaune;  Ger.,  Messing  ;  Ital.,  Ottone  ;  Span.,  Azófar,  Latón. 

See  Alloys,  Antimony,  Bismuth,  Copper,  Lead,  Tin,  Zinc.  Aluminium,  Arsenic, 
Manganese. 

BRAZING  COPPER.    Fr.,  Soudure  de  laiton . 

See  Tin  and  Copper  Plate  Working. 

BRAZING  SOLDERS.    Fr.,  Soudures  ;  Ger., 
daduras. 

See  Soldering. 

BREAKWATER.  Fr.,  Brise-flots,  Brise-lames;  Ger.,  Wellenbrecher;  Ital.,  Molo,  Diga  di 
difesa,  Pennello. 

A  breakwater  is  a  kind  of  sea-wall  or  artificial  embankment,  formed  of  large  stones,  and  erected 
for  the  purpose  of  protecting  the  entrances  of  harbours  and  roadsteads  from  the  injurious  effects  of 
violent  winds,  by  breaking  the  force  of  the  sea  ;  the  shipping  moored  behind  them  lying  perfectly 
secure.  A  breakwater  differs  from  a  bulwark  in  having  water  at  both  sides  of  it.  In  determining 
the  site  of  a  breakwater,  it  should  be  so  chosen  as  to  present  a  barrier  to  the  waves  of  the  prevailing 
storms,  aud  especially  to  those  which  come  along  the  flood-current.  It  may  be  isolated,  and  built 
in  the  entrance  of  a  bay,  as  is  the  case  at  Plymouth  and  Cherbourg  ;  or  it  may  run  out  from  the  shore 
into  deep  water.  In  the  latter  case,  the  best  position  for  the  junction  of  a  single  breakwater  with 
the  land  is  generally  at  the  up-streain  corner  of  the  entrance  to  the  inlet  or  harbour,  for  in  that 
position  the  breakwater  opposes  the  strongest  flood-current,  and  does  not  materially  interfere  with 
the  weakest  ebb-curreut.  The  front  of  the  work  should  have  that  part  below  low-water  mark  with 
a  deeper  slope  than  that  above,  as  being  less  violently  acted  on  by  the  waves  ;  for  instance,  from  1-1 
to  3-1  below,  and  from  4-1  to  7-1  above.  The  waves  will  partially  break  and  lose  their  energy  in 
passing  over  the  place  where  the  inclination  changes.  The  back  of  a  vertical-pointed  breakwater 
is  usually  also  vertical  ;  that  of  a  sloping  or  combined  breakwater,  if  intended  to  be  used  as  a  quay, 
is  vertical  ;  in  other  cases  it  only  differs  from  the  front  in  having  a  steeper  slope  and  being  faced 
with  smaller  blocks. 

The  breakwater  in  Delaware  Bay  was  designed  not  only  to  form  an  artificial  roadstead,  sheltered 
from  the  effects  of  the  prevailing  winds,  but  also  from  the  drift-ice  brought  down  occasionally  in 
large  quantities  from  the  upper  part  of  the  Schuylkill  and  Delaware  rivers. 

The  transverse  seetion  of  the  breakwater  was  made  as  follows  : — The  inner  slope  towards  the 
harbour  was  formed  at  an  angle  of  45°  with  the  horizon  ;  the  top  was  made  30  feet  wide,  and  at 
5  ft.  4  in.  above  the  level  of  the  highest  spring  tides.  The  outer  slope  was  carried  down,  with  an 
inclination  of  3  base  to  1  in  height,  to  a  depth  of  about  19  ft.  from  the  highest  spring  tides,  and 
from  thence  to  the  bottom  at  an  angle  of  45°.  The  mass  of  the  work  between  the  sea  bottom  and 
a  horizontal  place,  passing  at  tí  ft.  below  the  lowest  spring  tides,  was  formed  of  stones  weighing 
from  I  to  2  tons,  and  the  slopes  covered  with  blocks  of  from  2  to  3  tons  minimum  weight.  Between 
this  point  and  the  plane  corresponding  with  the  lowest  spring  tides,  the  body  of  the  work  was  exe- 
cuted in  stones  weighing  from  £  to  2|  tons,  protected  externally  by  blocks  weighing  3  tons  each  at 
least  ;  and  the  upper  portion  was  formed  exclusively  of  blocks  weighing  from  4  to  5  tons,  laid  as 
regularly  as  possible,  the  slopes  being  covered  with  the  largest  blocks,  laid  as  headers. 

See  Dam.    Harbour. 


Ger.,  Hartlöthen  ;.  Ital.,  Saldare  il  rame. 
Löthmütel;  Ital.,  Saldatura  forte  ;  Span.,  Sol- 
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BKEAD  MACHINE.  Fe.,  Machine  de  boulangerie  ;  Geb.,  Backmaschine  ;  Ital.,  Macchina  da 
far  il  pane;  Span.,  Máquina  paria  fabricar  el  pan. 

Bread  and  Biscuit  Machinery. 

The  process  of  bread-making  is  closely  connected  with  that  of  fermentation.  Wheaten  flour 
consists  essentially,  of  starch  and  gluten,  combined  with  a  small  portion  of  dextrine  and  sugar. 
The  tenacity  of  bread-dough  is  due  to  the  gluten  present  in  the  flour  ;  the  dough  being  produced 
by  simply  mixing  the  flour  with  a  little  water. 

If  bread-dou°"h  be  tied  up  in  a  piece  of  fine  muslin,  and  kneaded  under  a  stream  of  water,  the 
starch  will  be  suspended  in  the  water,  having  passed  through  the  muslin  ;  the  gluten  remains  as 
a  tou<rh  elastic  mass,  which  soon  putrefies  if  exposed  to  the  air  in  a  moist  state,  and  dries  up  to 
a  brittle  horny  mass  at  the  temperature  of  212°  Fahr.  Gluten  is  a  compound  substance,  and  is 
found  to  contain  carbon,  hydrogen,  nitrogen,  and  oxygen,  in  the  proportions,  nearly,  of  24,  20,  3, 
and  7  respectively. 

When  o-luten  is  boiled  in  alcohol,  a  portion  of  it  refuses  to  dissolve  ;  this  portion  is  termed  vegetable 
fibrine.  When  this  dissolved  matter  and  alcohol  are  allowed  to  cool,  a  white  flocculent  substance, 
similar  to  the  caseine  which  composes  the  curd  of  milk,  is  deposited.  On  adding  water  to  this  cold 
solution,  the  glutine  is  separated,  which  resembles  the  albumen  found  in  considerable  quantities  in 
the  blood.  Although  gluten  presents  three  substances  similar  to  the  three  principal  components 
of  the  animal  body,  yet  gluten  separated  from  the  flour  by  the  process  just  described  would  be 
found  very  difficult  to  digest,  on  account  of  its  resistance  to  the  solvent  action  of  the  fluids  in  the 
stomach  ;  for  it  is  well  known  that  bread-dough,  composed  of  flour  and  water,  even  when  baked, 
is  indigestible.  In  order  to  render  bread-dough  fit  for  food,  it  must  be  rendered  spongy,  that 
is,  porous,  so  as  to  expose  a  larger  surface  to  the  action  of  the  digesting  fluids  ;  the  most  direct 
method  of  effecting  this  is  the  one  adopted  in  the  manufacture  of  aerated  bread,  which  consists  in 
mixing  the  flour  with  water  that  is  highly  charged,  under  pressure,  with  carbonic  acid  gas  ;  the 
mixing  by  this  method  is  effected  in  a  closed  iron  vessel,  an  aperture  in  the  lower  part  of  which 
is  opened,  then  the  pressure  of  the  accumulated  gas  forces  the  dough  out  of  the  strong  iron  vessel 
into  the  air;  the  gas  which  has  been  confined  in  the  dough  expands  and  gives  porosity  and 
sponginess  to  the  dough. 

Another  process  for  preparing  unfermented  bread  consists  in  mixing  the  flour  with  a  little 
bi-carbonate  of  soda  ;  this  mixture  is  then  made  into  dough  with  water  acidulated  with  hydro- 
chloric acid  ;  the  bread  is  thus  rendered  porous.  The  chloride  of  sodium,  formed  at  the  same  time, 
remains  in  the  bread.  In  the  making  of  cakes  and  pastry,  the  same  object  is  attained  by  adding 
carbonate  of  ammonia  to  the  dough.  When  baking,  the  salt  is  converted  into  vapour  which 
distends  the  dough. 

The  tenacity  of  gluten,  even  in  wheaten  flour,  is  liable  to  variation  ;  and  in  order  to  obtain 
good  bread  from  a  flour  the  gluten  of  which  is  inferior  in  this  respect,  it  is  customary  to  employ 
a  small  quantity  of  alum.  This  addition  being  considered  unwholesome,  it  would  be  better  to 
substitute  lime-water,  which  has  been  found  bv  Liebig  to  have  a  similar  effect.  Sulphate  of 
copper  improves  in  a  very  striking  manner  the  quality  of  the  bread  prepared  from  inferior  flour, 
but  this  salt  is  far  more  dangerous  than  alum. 

Wheaten  flour  is  particularly  well  fitted  for  the  preparation  of  bread  on  account  of  the  great 
tenacity  of  its  gluten.  Next  to  wheat,  with  respect  to  glutinous  capacity,  stands  rye  ;  whilst 
the  other  cereals  contain  a  gluten  so  deficient  in  tenacity  that  they  cannot  be  converted  into 
good  bread. 

In  the  ordinary  process  of  bread-making,  the  carbonic  acid  that  confers  sponginess  upon  tho 
dough  is  evolved  by  the  fermentation  of  the  sugar  contained  in  the  four  ;  the  flour  having  been 
kneaded  with  the  proper  proportion,  usually  about  half  its  weight,  of  water,  a  little  yeast  and  salt 
are  added,  and  the  mixture  is  allowed  to  stand  at  a  temperature  of  about  70°  Fahr,  for  some 
hours.  The  dough  swells  or  rises  considerably,  in  consequence  of  the  escape  of  carbonic  acid,  the 
sugar  being  decomposed  into  that  gas  and  alcohol,  as  in  ordinary  fermentation.  The  spongy 
dough  is  then  baked  in  an  oven,  heated  to  about  500°  Fahr.,  when  a  portion  of  the  water  and  all 
the  alcohol  are  expelled,  the  carbonic  acid  being,  at  the  same  time,  much  expanded  by  the  heat, 
and  the  porosity  of  the  bread  increased.  The  granules  of  starch  are  much  altered  by  the 
heat,  and  become  more  digestible.  Although  the  temperature  of  the  inside  of  a  loaf  does  not 
exceed  212°  Fahr.,  the  outer  portion  becomes  dry  and  hard,  the  hottest  part  being  scorched  into 
crust. 

Instead  of  yeast,  leaven  is  often  employed,  in  order  to  ferment  the  sugar:  leaven  is  a  name 
given  to  dough  which  has  been  left  in  a  warm  place  until  decomposition  has  commenced. 

The  passage  of  new  into  stale  bread  does  not  depend,  as  was  formerly  supposed,  upon  the 
drying  of  the  bread  consequent  upon  its  exposure  to  air,  but  is  a  true  molecular  transformation 
\s  ludi  takes  pince  equally  well  in  an  air-tight  vessel,  and  without  any  loss  of  weight.  It  is  well 
Lih.u  n  that  w  hen  a  thick  slice  of  stalo  bread  is  toasted,  which  dries  it  still  further,  the  crumb  again 
becomes  soft  and  spongy  as  in  new  bread  ;  and  if  a  stale  loaf  be  placed  in  an  oven,  it  is  reconverted 
into  bread  resembling  new. 

With  William  Watson's  bread-making  apparatus,  Figs.  128G  to  1292,  the  entire  operation,  from 
the  mixing  "I  the  flour  and  the  other  ingredients  to  the  final  deposit  of  the  dough  in  the  oven  for 
baking,  is  performed  by  machinery, 

The  mixer  consists  of  a  horizontal  cylinder,  with  flanges  at  each  end,  and  a  door  at  the  upper 
part,  throughout  Its  leneth,  for  introducing  the  materials,  and  through  which  the  agitator  or 
Stirrer  OÍ  the  mixer  may  be  removed.  The  cylinder  is  supported  on  suitable  feet,  and  at  one  end 
is  enclosed  for  abouta  third  of  its  diameter  by  a  fixed  plate,  which  descends  below  the  flange, 
and  Ion., .the  ba  «or  foot  at  that  end;  the  upper  two-thirds  of  the  cylinder  end  is  closed  by  a 
sluice-door,  which  can  be  raised  as  required  to  form  an  opening  for  the  exit  of  the  dough.  The 
other  end  oí  the  cylinder  is  fitted  with  a  piston,  which  forms  a  close  end  for  the  cylinder  during 
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the  mixing;  this  piston  can  be  traversed  in  the  cylinder,  in  which  it  fits  sufficiently  tight  for  the 
expulsion  of  the  dough.  An  opening  is  made  in  the  piston  for  the  passage  of  an  axis  to  carry  the 
agitator  of  the  mixer,  which  axis  is  carried  by  a  bearing  supported  by  a  bracket  from  the  flange  of 
the  cylindrical  chamber  ;  the  axis  at  the  other  end  passes  through  an  opening  in  the  sluice-door 
fitted  with  a  bearing  fixed  thereto,  or  the  bearing  may  be  separately  supported  from  the  flange  of 
the  cylinder.  The  agitator  of  the  mixer  is  made  of  a  zig-zag  kind  of  form,  occupying  the  diameter 
of  the  cylinder,  the  several  limbs  of  which  extend  across  the  diameter  of  the  cylinder,  and  are  all 
in  the  same  plane,  the  angles  at  the  extremities  being  all  right  angles,  or  nearly  so.  It  has  no 
central  axis  passing  through  it,  being  supported  by  a  short  axis  at  each  end  fitting  into  square 
holes  in  the  extreme  limbs  of  the  agitator,  which  increase  much  in  strength  at  those  points.  In 
order  to  strengthen  and  bind  the  several  radial  limbs  or  blades  together,  tie-rods  are  disposed  in 
the  direction  of  the  axis,  but  distant  about  one-third  the  radius  from  the  centre.  The  absence  of 
the  central  axis  prevents  the  dough  collecting  in  the  centre  of  motion.  The  limbs  are  inclined  on 
both  sides  in  opposite  directions  on  opposite  side3  of  the  axis,  in  the  manner  of  a  screw,  so  that  in 
rotating  the  agitator  it  forces  the  dough  from  one  end  to  the  other  of  the  mixer,  and  on  being 
reversed  carries  it  in  the  opposite  direction.  The  agitator  is  dropped  in  edgewise  by  a  tackle  at 
the  door  above,  the  ends  of  the  cylinder  being  so  adjusted  that  the  bosses  of  the  end  limbs  of  the 
agitator  bear  hard  against  the  ends  and  make  the  axis-holes  dough-tight  ;  the  end  limbs  are  also 
in  close  proximity  to  the  ends,  in  order  to  scrape  the  adhering  dough  from  them.  The  flour,  water, 
and  other  ingredients  having  been  emptied  into  the  mixer,  motion  is  communicated  to  the  agitator 
by  winch-handles  at  either  end  on  the  axis,  or  by  means  of  a  wheel  and  pinion.  The  dough  having 
been  mixed,  the  agitator  and  its  axis  are  removed,  and  a  long  rack  placed  in  the  piston  resting  in 
a  bearing,  substituted  for  the  axis-bearing,  which  is  removed  ;  a  pinion  is  disposed  to  take  into  the 
rack,  the  axis  of  which  pinion  is  carried  by  bearings  on  the  flange,  and  if  the  machine  is  small, 
may  be  driven  by  crank-handles  on  the  pinion  axis,  but  if  large,  a  multiplying  toothed  gear  and 
fly-wheel  shaft  is  used,  by  communicating  motion  to  which  the  piston  will  be  forced  forwards  by 
the  rack,  and  the  dough  expressed  as  required;  the  same  fly-wheel  may  also  be  made  otherwise 
available  when  removed  by  placing  it  on  the  axis  of  the  agitator.  The  sluice-door  opens  by 
means  of  a  hand-lever,  and  is  so  adjusted  as  to  emit  the  desired  thickness  of  plastic  dough,  which 
is  of  a  width  proportionate  to  the  size  of  the  machine.  The  dough,  when  expressed,  is  received  on 
an  endless  cloth  moving  on  rollers  and  other  supports,  which  is  speeded  to  travel  at  the  same  rate 
as  the  expressed  dough  ;  in  emerging,  the  dough  passes  under  a  duster,  a  perforated  box  contain- 
ing flour  receiving  a  lifting  and  dropping  motion  from  a  cam  acting  on  a  lever  carrying  such  box  ; 
it  then  passes  under  a  smooth  roller,  which  smooths  and  reduces  the  dough  to  a  uniform  thickness, 
and  under  two  or  three  rollers,  if  necessary.  The  thickness  of  dough  which  is  sufficient  for  the 
substance  of  a  loaf  then  passes  under  a  rotating  dividing  cylinder,  consisting  of  a  series  of  dividing 
discs  placed  on  a  shaft  ;  these  discs  are  thick  in  the  centre,  but  thinned  towards  the  edge  at  the 
periphery,  and  present  somewhat  of  a  V  form  in  a  cross-section  taken  from  the  centre  to  the  cir- 
cumference ;  these  discs  are  disposed  on  the  shaft  at  distances  apart,  according  to  the  size  of  the 
loaf  to  be  made  ;  there  are  also  dividing  edges  placed  between  the  discs,  parallel  with  the  shaft, 
separating  the  circumference  into  equal  parts,  which  are  two,  three,  or  more  in  number,  according 
to  the  size  of  the  loaves  to  be  formed  and  also  to  the  diameter  of  the  divider  itself.  This  divider 
is  driven  at  a  speed  uniform  with  the  endless  cloth,  down  upon  which  it  presses  and  divides  the 
plastic  dough  into  loaves.  It  does  not  actually  cut  the  dough,  the  dividing  edges  being  rounded, 
but  simply  presses  sufficiently  deep  creases  in  it  to  produce  the  subsequent  separation  required  ; 
thus  the  breadth  of  dough  is  cut  up  into  a  greater  or  less  number  of  loaves,  according  to  its 
breadth  :  after  passing  under  the  divider  the  divided  dough  passes  from  the  endless  cloth  on  to 
trucks  to  be  conveyed  into  the  oven.  The  cloth  turns  backwards  under  its  carrying  roller,  from 
under  which  the  trucks  are  pushed  forwards  at  same  rate  as  the  dough  travels,  and  these  move  on 
rails  up  to  the  oven-mouth.  The  cloth  dips  a  little  at  the  delivery  end,  and  turns  back  under  a 
very  small  roller,  so  that  the  drop  of  the  dough  on  to  the  truck  is  very  slight,  and  all  moving  at 
same  speed  it  is  readily  carried  away  unintermittently  as  it  is  made,  and  the  truck  or  car,  which 
may  or  may  not  be  of  the  length  of  the  oven,  is  pushed  forward  on  the  sole  until  it  occupies  its 
position  therein. 

The  oven  is  constructed  of  two,  three,  four,  or  more  chambers,  one  above  another,  each  of  the 
width  of  dough  delivered  by  the  machinery  ;  these  chambers  are  of  cast  or  wrought  iron,  placed 
between  two  brick  walls,  running  from  end  to  end  of  the  oven,  above  the  one  chamber  and  below 
the  other  ;  the  flues  traverse  from  end  to  end,  the  longitudinal  flues  communicating  alternately  at 
opposite  ends,  so  that  the  mouths  of  the  several  baking  chambers  or  ovens  are  alternately  at 
opposite  ends,  and  must  be  filled  in  opposite  directions.  The  fire  and  first  flue  is  immediately 
under  the  chamber,  and  is  considerably  narrower  than  the  chamber,  in  order  to  modify  the  heat  ; 
the  succeeding  and  upper  flues  are  wider  than  the  lower  one,  but  still  considerably  less  than  the 
width  of  the  chambers,  in  order  to  prevent  excess  of  heat  at  the  sides  near  the  brick  walls,  which 
would  otherwise  be  apt  to  burn  the  bread  at  each  side.  When  one  chamber  is  full,  the  truck- 
carrying  rails  are  shifted  to  a  higher  one,  and  the  next  truck  is  carried  into  the  next  chamber 
above,  and  so  on  until  all  the  ovens  are  filled  and  the  full  batch  delivered.  Between  the  fire  and 
lower  flue  and  the  first  chamber  is  a  cold-air  flue,  which  protects  the  chamber  from  the  immediate 
heat  of  the  fire  ;  the  cold  air  traversing  therein  is  admitted  to  the  fire  near  the  door,  and  supplies 
it  with  air  with  the  door  or  blower  closed,  and  so  keeps  the  bakehouse  cool.  The  trucks  or  cars 
consist  simply  of  two  parallel  angle-irons,  disposed  and  braced  together  at  a  sufficient  breadth, 
and  mounted  on  four  or  more  wheels.  The  bottoms  of  the  trucks  are  made  of  tiles  or  metal  plates, 
which  may  have  any  given  pattern,  so  as  to  impart  an  impression  to  the  bottoms  of  the  loaves 
placed  thereon.  The  ovens  are  closed  by  doors  that  fall  down  and  form  a  sole  or  stock-plate  in 
front  ;  the  door  being  jointed  to  the  sole  of  the  door-frame  in  the  manner  of  a  butt-hinge,  forms  a 
close  joint  both  with  the  door  closed,  and  a  level  surface  with  the  sole  of  the  oven  when  open 
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When  baked,  the  bread  is  withdrawn  from  the  oven,  and  may  be  broken  asunder  and  handled  and 
distributed  as  usual. 

Watson,  also,  adapts  this  mixer  to  what  is  termed  the  expansion  system  of  baking,  that  is, 
mixing  the  yeast  with  a  small  portion  of  the  dough  first,  and  such  first  portion  with  a  larger 
portion,  and  so  on.  For  this  purpose  an  agitator  is  employed  with  a  through  axis  and  screw,  and 
fixed  radial  arms  therein,  which  have  bevelled  sides. 

Fig.  1286  is  a  side  elevation  of  this  machine,  which  exhibits  the  arrangement  of  the  one 
usually  employed  ;  Fig.  1287  represents  a  plan  of  the  same  with  the  dusting-box  removed  ;  while 
Figs.  1288  to  1292  represent  some  of  the  parts  detached. 

Fig.  1288  is  a  vertical  longitudinal  section  of  the  mixing  and  expressing  vessel  ;  Fig.  1289  is 
an  end  view  of  the  same  at  the  end  from  which  it  is  driven. 


A  is  the  cylinder  or  containing  vessel  of  wood  or  iron  ;  if  of  iron  it  should  be  lined  with  wood. 
It  is  mounted  on  feet  or  standards  B,  B,  and  is  furnished  with  a  hinged  lid  or  cover  a.  C  is  the 
piston,  which  forms  one  end  of  the  mixer,  the  other  end  being  fitted  with  a  sluice-door  for  allowing 
the  dough  to  pass  out.  The  agitator  or  mixer  properly  so  called  is  formed  of  a  series  of  pieces  of 
iron  united  together  by  means  of  stays  b,  b.     The  pieces  D,  D,  are  twisted  in  opposite  directions 
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from  the  centre  of  motion  so  as  to  form  inclines  or 
screw  surfaces,  which  in  rotating  have  a  tendency  to 
force  the  material  on  which  they  are  operating  in  one 
direction,  that  is  to  say,  towards  the  end  of  the  vessel  ; 
the  end  limbs  D'  D  are  somewhat  stronger  than  the 
others,  and  have  bosses  with  holes  in  which  short  shafts 
c,  c'  are  inserted  from  either  end,  and  motion  being 
communicated  to  which  causes  the  rotation  of  the 
mixer  To  transmit  the  motion  a  screw  wheel  or  pinion 
d  is  fixed  on  the  shaft  c'  this  gears  into  an  endless 
screw  e  fixed  on  cross-shaft  E.  On  this  shaft  is  fixed 
a  pinion  /  gearing  into  wheel  g,  mounted  on  the  main 
shaft  F,  which  may  be  driven  by  a  winch-handle  h  or 
otherwise.  The  ingredients  having  been  placed  in  the 
mixer,  and  mixed  and  treated  as  before  described  to 
form  dough  and  bread,  and  after  allowing  sufficient 
time  for  the  dough  to  rise,  it  is  forced  out  of  the  cham- 
ber A  in  the  following  manner  ■ — We  remove  the  short 
shafts  c,  c',  from  the  agitator  D,  D,  and  lift  it  out  of 
chamber  A,  and  then  close  and  fix  the  lid  a.  A  rack 
H,  Fig.  1290,  is  now  placed  in  the  piston  C,  which  it 
fits  into  and  rests  in  a  crutch-bearing  h',  formed  on 
the"  top  of  the  outside  bearing  of  shaft  c'.  The  pinion 
d  is  fitted  to  slide  on  shaft  c\  but  to  carry  it  round  with 
it  by  means  of  a  feather.  To  communicate  motion  to 
the  pistonC,  the  shaft  E  is  moved  in  the  direction  of  its  length,  which  has  the  effect  of  throwing 
a  pinion  c'  fixed  thereon  into  gear  with  the  rack  H,  and  at  same  time  throwing  pinion  /  out  of 
gear  with  wheel  g,  and  wheel  »  into  gear  with  pinion  k,  which  reduces  the  speed  of  rotation  of  shaft 
E,  and  the  pinion  e'  taking  into  rack  H,  imparts  to  it  a  longitudinal  motion,  and  forces  the  piston 
(  '  from  its  position  at  one  end  of  the  cylinder  A  towards  the  other  end,  and  thereby  compressing 
the  dough  in  that  chamber.  To  allow  the  dough  to  escape  at  the  other  end  of  the  cylinder  A,  the 
sluice-door  L  is  lifted  up  by  a  lever  m  to  either  of  the  dotted  positions  m,  shown,  the  first 
being  .suitable  for  the  formation,  say,  of  2-lb.  loaves,  and  the  second  for  4-lb.  loaves.  Tho 
gland  oí  bearing  n  of  the  shaft  c  is  previously  removed,  and  a  solid  plate  substituted  for  it  to 
prevent  the  dough  being  forced  out  thereat.  The  sluice-door  L  being  lifted  and  fixed,  sav,  at  tho 
lowest  position,  the  dough  contained  in  A  by  the  pressure  of  the  piston  C  will  be  forced  out  of 
ine  entire  breadth  oí  the  opening  of  the  sluice-door,  and  of  regulated  thickness,  which  will  bo 
contained  m  one  uniform  substance  so  long  as  anv  dough  remains  in  the  chamber  A.  From  this 
cnamber  the  dough  is  received  on  an  endless  web  M,  carried  on  rollers  P  and  P'  mounted  on  a 
table  framework  N,  N.  The  endless  web  M  is  further  supported  by  a  table  Q,  extending  under 
ore  breadth,  supporting  the  weight  of  the  dough,  which  forms  a  continuous  sii 
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operation  from  a  dusting-box  R,  mounted  above  on  a  fulcrum  q.  This  box  or  tray  is  the  breadth  of 
the  dough,  and  has  a  perforated  bottom.  It  contains  flour,  and  preponderates  on  its  fulcrum  so  as 
to  fall  against  a  stop  or  rest  r.  It  is  agitated  by  means  of  a  double  arm  S,  mounted  on  a  rotating 
axis  w,  the  arms  coming  in  contact  with  a  truck-roller  t,  mounted  on  the  side  of  the  dusting-box  R. 
The  axis  u  is  driven  by  a  strap  from  a  rigger  on  same  axis  as  P  and  power  is  transmitted  hereto 
by  strap-riggers  to  an  axis  S',  on  which  the  divider  T  is  mounted.  This  divider  consists  of  a  áeries 
of  cutting  ridges  arranged  in  circular  and  longitudinal  directions,  the  edges  of  which  come  down 
on  the  endless  web,  or  nearly  so.  This  divider  is  driven  at  about  the  same  speed  as  the  dough, 
which,  on  passing  under  it,  becomes  separated,  or  nearly  so,  into  blocks  of  a  given  size,  say,  for 
2-lb.  loaves,  which  was  the  size  before  mentioned  as  arranged  by  the  sluice-door  L.  If  for  larger 
loaves  the  mass  of  dough  should  be  double  the  thickness,  or  another  divider  with  larger  cavities 
used.  The  several  shafts  are  fitted  in  bearings  in  the  framework  N,  and  otherwise  appointed,  as 
shown  in  the  figures.  The  divided  dough,  which  is  prevented  sticking  to  the  divider  by  the  flour 
dredged  on  it,  continues  its  course  on  the  endless  web  M  until  it  arrives  at  P",  where  the  divided 
dough  Q  is  transferred  to  a  truck  U,  disposed  underneath  in  readiness  for  its  reception.  So  soon 
as  the  dough  begins  to  fall  on  to  this  truck,  the  truck  also  has  a  forward  motion  imparted  to  it,  by 
a  projection  u  on  an  endless  strap  v  coming  in  contact  with  a  projection  w  on  the  under -part  of  he 
truck.  This  endless  strap  is  mounted  on  suitable  pulleys,  driven  by  a  strap  x  from  the  axis  of  P\ 
The  truck  being  mounted  on  wheels  and  suitable  rails  Y,  travels  along  with  its  load  towards  the 
oven,  which,  as  seen  in  the  side  view  and  plan,  is  immediately  on  end  of  the  machine,  so  that  as 
the  truck  is  propelled  forwards  it  enters  the  oven  with  its  load  of  divided  dough  or  loaves,  and  as 
the  oven-chamber  is  by  preference  just  the  size  to  contain  one  truck,  the  oven-door  is  closed,  and 
the  baking  proceeded  with.  Another  truck  is  similarly  disposed  to  receive  the  dough,  and  is 
carried  forward  into  another  chamber  of  the  oven,  and  so  on  The  bottoms  of  the  trucks,  which 
are  simply  sheets  of  metal  laid  on  the  truck-frames,  are  roughened  or  indented,  as  seen  in  the 
plan,  Fig.  1287,  so  as  to  imprint  the  bottoms  of  the  loaves  ;  they  should  also  be  dusted  with  flour 
to  prevent  the  dough  adhering.  The  rails  Y  are  shifted  for  each  oven-chamber,  so  as  to  rest  on 
the  door  of  each  chamber,  and  conduct  the  truck  to  it.  The  truck  having  received  its  load  of 
dough  ceases  to  be  propelled  by  the  machine,  but  is  pushed  forward  by  hand  into  the  oven,  which 
is  closed,  and  another  one  prepared  with  the  rails  to  receive  the  next  in  succession. 

Fig.  1292  represents  a  longitudinal  section  of  an  oven  used  with  Watson's  machinery. 


W,  W,  are  the  oven-chambers,  which  have  their  mouths  alternately  in  opposite  directions. 
They  are  formed  between  two  brick  walls  X,  X,  the  spaces  being  divided  off  by  iron  plates  3,  é, 
5,  to  11,  the  spaces  between  each  pair  of  plates  3,  4,  forming  the  flues  to  heat  the  oven-chambers, 
while  below  the  plate  11  the  furnace  V  is  disposed.    In  order  to  protect  the  lower  oven  from  the 
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immediate  heat  of  the  furnace,  plate  11  is  covered  with  a  thickness  of  brickwork,  or  it  may  be 
both  above  and  below,  as  seen  at  z,  z,  with  an  air-flue  o  through  the  middle,  and  of  equal  width 
with  the  fire,  or  nearly  so.  Air  enters  at  the  back  end  of  o,  which  is  regulated  as  required  by  a 
sluice-door  to  limit  the  supply  to  the  fire  through  that  channel  :  a  constant  change  of  air  taking 
place  in  this  channel  assists  in  preventing  the  direct  heat  of  the  furnace  overheating  the  lower 
oven-chamber.  Z  is  the  furnace-door.  The  flue  from  the  furnace  passes  up  in  two  branches  one 
on  each  side  of  air-flue  o,  at  the  end  of  the  lower  oven-chamber,  then  along  above  it  under  the 
second  chamber,  thence  passing  up  at  the  end,  and  back  under  the  third  oven-chamber,  and  so  on. 
To  prevent  excessive  heat  at  the  end  of  the  oven-chambers,  fire-lumps,  as  seen  at  12,  12,  are  used 
to  protect  them,  the  metal  plates  of  the  oven  being  so  made  as  to  hold  them  in  position.  13  is  a 
water-tank,  to  be  heated  from  the  waste-head  for  bakehouse  purposes  ;  14  is  a  slide-valve  in  the 
top  of  each  oven-chamber,  enclosed  in  a  case  except  at  the  end  that  is  not  opposed  to  the  draught 
of  the  flues.  These  valves  are  opened  by  thumb-rods  when  it  is  desired  to  allow  steam  to  escape 
from  the  ovens  ;  15,  15,  are  hollow  box  ends  of  metal,  closing  the  ends  of  the  flues,  by  removing 
which  the  smoke-flues  may  be  easily  cleaned.  These  boxes  being  open  from  the  outside  are  con- 
venient for  the  insertion  of  thermometers,  as  seen  at  16,  to  see  and  ascertain  the  heat  of  the  ovens 
at  all  times.     The  escape  of  the  flues  to  the  chimney  is  at  17. 

Vicar's  Machinery  employed  in  the  Manufacture  of  Bread  and  Biscuits.— Fig.  1293  represents  a 
side  elevation  of  a  soft-dough  mixing  machine  ;  Fig.  1294  a  front  elevation  ;  and  Fig.  1295  a 
ground  plan.  Fig.  1296  is  a  side  elevation  of  a  breaking  machine,  which  is  employed  for  pre- 
paring the  dough  for  the  moulding  machine.  Fig.  1297  is  a  sectional  elevation  through  Fig.  1298, 
which  represents  a  top  plan  view  of  the  moulding  machine  ;  Fig.  1299  is  an  end  elevation. 
Fig.  1300  is  a  front  elevation  of  a  machine  employed  for  moulding  or  shaping  the  dough  into 
loaves  or  biscuits;  Fig.  1302  is  a  ground  plan  of  the  dough-shaping  machine;  Fig.  1301,  a 
sectional  elevation.    Fig.  1303  is  an  end  elevation  of  Fig.  1302  at  C. 

On  Figs.  1293  to  1295,  A,  A,  is  a  tank  or  reservoir  capable  of  holding  water  ;  B,  B,  is  a  frame- 
work, to  which  are  connected  the  following  parts  : — C,  a  hollow  shaft  working  in  bearings  in  the 
castings  D,  fixed  to  the  framing  B  ,  E  is  a  shaft  capable  of  sliding  in  the  shaft  C,  and  of  rotating 
therewith  near  the  lower  part  of  the  shaft  E  ;  a  cross-head  G  is  connected  and  slides  on  guide- 
rods  H.  I  is  a  skeleton  framing  mounted  loosely  upon  the  shaft  E,  and  connected  thereto  by  a 
nut  at  a,  Fig.  1294  ;  K,  K,  are  spindles,  the  upper  parts  whereof  work  in  bearings  in  the  framing  I. 
The  lower  parts  of  these  spindles  are  formed  with  prongs  b.  c,  d,  e,  are  wheels  gearing  into  each 
other,  that  marked  c  is  fixed  on  the  shaft  E,  and  those  marked  d  and  e  are  respectively  fixed  on 
the  spindles  K,  K  ;  L,  L,  is  bevel-gearing  for  imparting  rotary  motion  to  the  shaft  O  ;  M,  a 
counterbalance  weight  connected  by  a  chain  /  to  the  lower  end  of  the  shaft  E,  to  facilitate  the 
raising  of  E  ;  N  is  a  vessel  to  contain  water  to  mix  with  the  flour  ;  O,  O,  are  vessels  in  which  the 
dough  is  mixed. 

The  operations  of  this  machine  are  as  follows  : — The  operator  takes  the  ferment  or  yeast 
commonly  used,  and  instead  of  mixing  it  in  a  trough  by  hand,  as  commonly  practised,  he  places 
the  yeast  or  ferment  and  flour  in  one  or  other  of  the  vessels  O,  and,  placing  same  under  the 
machine,  lowers  the  prongs  b  thereinto,  and  proceeds  to  impart  rotary  motion  thereto,  the  effect 
of  which  is  to  cause  the  wheels  c  to  rotate  the  wheels  d  and  <?,  and  also  the  axes  K,  on  which  the 
prongs  b  are  fixed,  thus  producing  three  distinct  rotatory  movements  simultaneously,  namely,  one 
rotation  of  the  framing  I,  which  carries  the  wheels  d,  e,  and  the  axes  of  the  prongs  6,  and  another 
rotation  of  each  of  the  wheels  and  axes  and  prongs,  thereby  effectually  mixing  and  incorporating 
the  ingredients  together  into  a  sponge  ;  and  when  this  operation  has  been  continued  a  sufficient 
length  of  time,  according  to  the  judgment  of  the  operator,  he  removes  the  tub  O  from  under  the 
machine,  and  places  it  in  another  part  of  the  vessel,  and  taking  another  tub  charges  it  with  yeast 
and  flour  as  before,  and  proceeds  in  this  manner  with  each  tub  in  succession.  When  the  sponge 
is  sufficiently  risen  or  fermented,  the  tub  is  again  brought  under  the  machine,  and  the  required 
flour  and  water  added  to  the  sponge,  and  made  by  the  machine  into  dough.  The  dough  is  then 
left  to  prove,  and  when  sufficiently  proved  is  removed  to  the  machine,  Figs.  1296  to  1299,  there  to 
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be  operated  upon  by  the  brake-rollers  of 
this  machine  for  the  purpose  of  taking  the 
proof  out  of  the  dough.  As  regards  this 
machine,  Figs.  1296  to  1299,  it  should  be 
distinctly  understood  that  its  construction 
forms  no  part  of  the  machine  shown  in 
Pigs.  1293,  1294.  Both  machines  are  de- 
Bcribed  in  conjunction,  for  the  purpose  of 
completing  the  description  of  the  machinery 
necessary  tobe  used  in  manufacturing  bread, 
biscuits,  find  like  articles.  When  the  dough 
has  been  sufficiently  operated  upon  by  the 
brake-rollers  it  is  removed  from  this  ma- 
chine to  the  shaping  machine,  Figs.  1300 
to  1308,  and  operated  upon  thereby  in  the 
manner  presently  described. 

We  would  here  remark,  that  the  moans 
above  described  which  we  propose  to  em- 
ploy, and  have  found  to  answer  well  in 
practice,  for  ensuring  the  proper  amount  of 
fermentation  forms  a  very  important  fea- 
ture in  lliis  invention,  for  by  the  use  of 
•'"l'I  Water  in  hot  Weather  we  are  enabled 
to  prevent  «xeess  of  f,  ti  1 1. -i  i  tìi  t  ion,  and  by  employing  warm  water  in  cold  weather  we  can  induce 
fermentation,  the  temperature  of  the  water  being  regulated  according  to  circumstances  and  the 
judgment  ol  the  operator. 

W  e  now  proceed  to  desorille  the  operations  of  the  moulding  or  shaping  machine.    With  respect 
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to  tho  threo  rollers,  marked  A,  B,  C,  Figa  1300  to  i303,  that  marked  A  is  employed  to  form  the 
upper  crust,  aud  those  marked  B  and  O  to  form  the  lower  crust,  the  soft  dough  being  placed  upon 
the  table  D,  so  as  to  pass  with  the  two  aforesaid  crusts  between  the  rollers  E  and  F,  by  which 
the  whole  is  compressed  as  the  machine  rotates,  the  endless  travelling  belt  or  web  G  advancing  the 
dough  under  the  moulding  mechanism  at  H,  where  it  is  momentarily  held  still  by  the  mechanism 
until  the  knives  I  descend  and  ascend  by  the  action  of  the  side  rods  K.  The  dough  thus  scored 
or  shaped  now  passes  onward  by  the  action  of  the  belt  G,  and  when  it  comes  under  the  stamps 
at  L  receives  the  impress  therefrom  of  words,  such  as,  for  example,  machine-made  bread,  this 
movement  being  simultaneous  with  the  shaping  movement  with  which  it  is  connected  ;  and  in  this 
manner  the  machine  continues  to  mould  and  shape  the  dough  into  the  form  of  loaves,  which,  as 
they  are  advanced  forward  by  the  endless  belt  or  web  G,  are  deposited  on  to  trays,  the  trays  being 
placed  upon  another  endless  belt  or  web  N,  the  operation  and  construction  of  this  part  of  the 
machinery  and  implements  employed  being  as  follows  : — First,  as  regards  the  trays  ;  they  consist 
of  flat  pieces  of  wood,  about  3  ft.  by  2  ft.,  with  ledges  at  the  sides  only  thereof.  Upon  each  of 
these  trays  is  placed  a  piece  of  coarsely-woven  cloth,  and  to  each  end  thereof  loops  of  tape,  about 
6  in.  asunder,  are  affixed,  and  so  as  to  project  beyond  the  ends  of  the  cloth  about  2  or  3  inches, 
the  loops  being  used  for  a  purpose  which  will  be  described  in  another  place.  See  Ovens.  These 
trays,  each  with  their  respective  cloth,  are  separately  placed  on  the  part  M  of  the  endless  belt  or 
web  N,  so  that  as  this  belt  advances  and  comes  under  the  part  1  of  the  belt  or  web  G,  the  shaped 
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dough  will  be  deposited  on  each  of  such  said  cloths  and  trays  in  succession,  the  operator  dividing 
the  dough  when  the  tray  is  filled  therewith  ;  and  in  this  manner  several  trays  may  be  filled  in 
succession. 

See  Barn  Machinery.     Mills.     Mixers.     Ovens.    Yeast. 

BKEAKING-  JOINT.     Fr.,  Joint  de  recouvrement  ;  Ger.,  Ueberdeckungsfuge,  Beckfuge. 

Breaking  joint,  or  break  joint,  is  a  term  used  in  brickwork  and  masonry  to  express  the  arrange- 
meut  by  which  the  bricks  or  stones  are  made  to  overlap,  the  converse  of  which  is  termed  "joint 
over  joint."     See  Bond. 

BREAKWATER.  Fr.,  Brise-lames,  Jetee;  Ger.,  Wellenbrecher;  Ital.,  Murazzo,  Scogliera; 
Span.,  Muelle,  Espolón. 

See  Harbours.     Piers.     Sea-Walls. 

BREAST-WALL.     Fr.,  Mur  de  soutènement  ;  Ger.,  Schütemauer  ;  Ital.,  Muriccinolo. 

A  breast-wall  is  a  wall  built  up  breast-high,  as  a  parapet-wall  or  a  retaining  wall,  placed  at  the 
foot  only  of  a  slope. 

BREAST  -  WHEEL.  Fr.,  Boue  hydraulique  de  côte';  Ger.,  Kropf  Bad,  mittelschlächtiges 
Wusserrad;  Ital.,  Buoto  di  fianco. 

See  Overshot  Water-wheels.     Undershot  W  ater- wheels.  - 

BREASTWORK.  Fr,,  Fronteau;  Ger.,  Schott,  Schotting  ;  Ital.,  Farapetto  ;  Span.,  Bepecho, 
Farapeto. 

See  Fortification. 

BREEZE.     Fr.,  Breeze;  Ger.,  Lösche;  Ital.,  Bragia. 

The  term  breeze  is  applied  to  ashes  and  cinders  used  instead  of  coal  in  the  burning  of  bricks. 

BREEZE-OVEN.     Fr.,  Four  à  Breeze;  Ger.,  Coaks  Ofen;  Ital.,  Fornace  da  far  arso. 

See  Ovens. 

BRESSUMMER.     Fr.,  Sommier  ;  Ger.,  Unterzug  ;  Ital.,  Trave  maestra  ;  Span.,  Sotabanco. 

A  bressummor  is  a  beam  placed  breastwise  to  support  a  superincumbent  wall  ;  used  principally 
over  sii«.),  -windows  to  carry  the  upper  part  of  the  front,  and  supported  on  posts  or  columns. 

BREWING  A  I 'PAR  AT  US.  Fr.,  Machines  de  brasserie;  Ger.,  Braugeräthschaften  ;  Ital., 
Macchine  ad  utensili  da  birraio. 

In  making  beer,  the  brewer  first  mashes  the  ground  malt  with  water  of  a  temperature  of  176°  to 
182°  Fahr.,  when  the  diastase,  or  substance  containing  nitrogen,  operates  to  convert  the  mass  into 
dextrine  and  sugar.  The  greater  part  of  the  starch,  which  has  not  been  changed  during  the  ger- 
mination, and  the  wort,  or  new  linfermented  beer,  is  ready  to  be  drawn  off  to  be  converted  into 
beer.  Brewers'  grains,  or  the  undissolved  part  of  the  malt,  is  employed  to  feed  cows  and  pigs,  as 
it  contains  much  gluten, 

To  find  whether  mall  contains  more  diastase  than  is  necessary  to  convert  its  starch  into  sugar, 
it  is  only  aecessarj  to  add  ¡i  little  fusion  of  malt  to  the  viscid  solution  of  starch;  when  this  com- 
pound is  maintained  ¡it  a  temperature  of  150°  Fahr,  for  a  few  hours,  and  the  diastase  is  in  excess, 
the  mixture  will  become  far  more  fluid,  and  \\  ill  no  longer  be  coloured  blue  by  solution  of  iodine. 

Distillers  take  advantage  of  the  excels  of  diastase  in  malt,  by  adding  from  two  to  four  parts  of 
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'tra malted  grain  to  the  diastase,  the  whole  of  which  beeonies  converted  into  dextrine  and  suo-ar 
and  thus  the  labour  and  expense  of  malting  are  avoided.  The  wort  produced  by  infusm°-  maltin 
water  contains  not  only  sugar,  dextrine,  and  diastase,  but  a  large  quantity  of  nitrogenized  matter 
formed  with  the  gluten  of  tho  barley.  Before  subjecting  the  wort  to  fermentation,  it  is  boiled 
with  a  quantity  of  hops,  usually  amounting  to  from  i  to  i  part  of  the  weight  of  the  malt 
employed.  Hops  are  found  to  prevent  the  tendency  of  the  beer  to  become  sour  :  the  sourness  of 
beer  is  produced  when  the  alcohol  of  the  beer  is  converted  into  acetic  acid.  Hops  contain  from 
9  to  10  per  cent,  of  an  aromatic  yellow  powder,  termed  lupuline,  and  is  the  active  portion  which 
contains  a  volatile  oil  of  particular  odour,  together  with  a  bitter  substance.  When  the  compound 
of  wort  and  hops  is  run  off  into  a  vat,  it  is  allowed  to  deposit  the  undissolved  portion  of  the  hops, 
then  the  clear  liquor  is  drawn  off  into  coolers,  where  the  temperature  of  the  compound  is  lowered 
as  rapidly  as  possible  to  about  from  58°  to  61°  Fahr.  ;  the  cooling  is  usually  expedited  by  cold 
water  circulating  through  pipes  which  traverse  the  coolers.  When  the  wort  "is  cooled  too  slowly, 
the  nitrogenized  matter  which  it  contains  undergoes  a  change  from  the  action  of  the  air,  in  con- 
sequence of  which  beer  becomes  acid.  After  cooling  the  mixture,  it  is  placed  in  the  fermenting 
tun,  where  the  fermenting  is  carried  on  by  adding  yea,st,  which  is  about  ^  part  of  the 
compound. 

It  has  been  found,  with  the  aid  of  the  microscope,  that  yeast  is  a  minute  fungoid  vegetable 
that  grows  in  solutions  containing  sugar  combined  with  particular  nitrogenized  substances, 
such,  for  instance,  as  a  salt  of  ammonia,  and  the  salts — phosphates  of  potash,  soda,  lime,  and 
magnesia. 

The  conditions  under  which  the  yeast  plant  grows  were  not  ascertained  and  scientifically 
examined  until  recently  for  a  long  time,  after  the  growth  of  this  substance  was  ascertained,  the 
seeds  or  germs  from  which  it  originates  eluded  detection,  although  its  growth  resembles  some  of 
the  lower  mosses. 

The  process  of  brewing  may  be  divided  into  four  distinct  stages  : — 1.  The  malting,  of  which  the 
object  is  to  produce  in  the  barley  the  principle  which  effects  the  conversion  of  starch  into  dextrine 
and  glucose,  and  which  essentially  consists  in  causing  the  barley  to  sprout  under  the  influence  of 
a  proper  temperature  and  degree  of  moisture,  diastase  being  formed  at  the  origin  of  the  sprouts, 
and  in  the  succeeding  operation  converting  the  starch  into  soluble  dextrine  and  glucose.  2.  The 
preparation  of  the  wort  (moût),  or  saccharification  of  the  malt,  which  consists  in  treating  the 
ground  malt  with  water  at  a  suitable  temperature,  in  order  to  cause  the  diastase  to  act  on  the 
starch  and  dissolve  the  dextrine  and  glucose  which  result  from  this  action.  3.  The  boiling  with 
hops,  which  consists  in  heating  the  wort  with  hops  in  order  to  give  it  a  peculiar  taste  and  aroma. 
4.  Fermentation,  which  consists  in  mixing  the  cooled  wort  with  a  ferment,  in  order  to  effect  the 
conversion  of  glucose  into  alcohol. 

The  barley  is  first  placed  in  large  vats  of  mason-work,  with  four  times  its  volume  of  water, 
being  stirred  frequently  to  expel  the  bubbles  of  air  between  the  grains,  while  those  which  arise  on 
the  surface,  being  generally  defective,  are  skimmed  off.  The  object  of  this  process  is  chiefly  to 
swell  the  grains,  in  order  that  they  may  sprout  more  easily  ;  and  it  lasts  24  or  36  hours  in  winter, 
during  which  time  the  water  is  renewed  three  times;  while  in  summer  it  requires  only  10  or 
12  hours,  but  the  water  must  be  renewed  four  or  five  times. 

The  barley  thus  swollen  is  carried  to  the  malt  house,  a  kind  of  cave  or  cellar,  the  floor  of  which 
must  be  kept  scrupulously  clean  to  avoid  all  injurious  fermentations.  Germination  requires  the 
assistance  of  moisture,  air,  and  a  temperature  of  from  59°  to  62°,  which  conditions  are  most  readily 
realized  in  spring  or  autumn  ;  whence  the  name  of  March  beer  is  given  to  that  made  in  the  spring, 
and  is  considered  superior  to  that  made  in  any  other  season.  In  the  malt  house  the  barley  is 
spread  in  a  layer  of  about  1^  ft.  in  depth,  and  thus  left  until  it  becomes  heated;  but  when  it 
begins  to  sprout,  the  thickness  of  the  layer  is  reduced  to  1  ft.,  and  then  to  3  in.  when  the  germi- 
nation approaches  the  proper  point.  It  is  also  frequently  stirred,  in  order  to  renew  the  air  in  the 
interior  of  the  layer.  In  the  hot  season,  the  germination  is  terminated  in  10  or  12  days  ;  while  it 
requires  15  or  20  days  toward  the  close  of  autumn,  the  sprout  having  then  become  two-thirds  as 
long  as  the  grain. 

When  the  barley  has  properly  sprouted,  it  is  dried  rapidly,  in  order  to  arrest  the  loss  of  the 
amylaceous  matter  which  would  ensue  from  a  longer  growth  of  the  sprout  and  radicles.  The  dry- 
ing is  first  made  in  the  open  air,  by  spreading  the  grain  over  the  floor  of  a  well-aired  granary,  and 
then  in  a  stove  traversed  by  a  current  of  hot  air,  and  called  a  malt  kiln.  Desiccation  renders  the 
radicles  of  the  barley  very  brittle,  but  they  are  easily  removed  by  sifting  them  in  a  winnowing 
machine  or  fan.  The  sprouted  barley,  thus  freed  from  the  radicles,  is  exposed  for  some  time  to  the 
air,  when  it  imbibes  a  small  quantity  of  moisture,  which  facilitates  its  grinding.  This  operation 
is  effected  between  horizontal  stones,  kept  at  such  a  distance  from  each  other  that  the  grain  is 
broken  and  torn  without  being  reduced  to  flour.  The  product  is  malt,  which  is  stowed  away  for 
future  use. 

The  saccharification  of  the  malt  is  effected  in  large  wooden  vats,  having  a  double  bottom 
pierced  with  holes,  intended  to  support  the  barley  and  facilitate  the  introduction  and  escape  of  the 
liquid.  In  the  space  between  the  two  bottoms  are  the  discharging-tube  and  one  which  conveys  hot 
water.  When  the  malt  is  placed  in  the  vat,  water  at  140°,  and  equal  in  weight  to  one  and  a  haif 
times  that  of  the  malt,  is  poured  in,  the  mixture  being  actively  stirred  with  a  kind  of  fork.  It  is 
then  allowed  to  rest  for  half  an  hour,  until  the  malt  is  thoroughly  moistened,  when  water  at  19G° 
is  added,  until  the  temperature  of  the  mixture  attains  167°,  which  is  the  most  favourable  for  sac- 
charification ;  after  which  it  is  again  stirred,  the  vat  covered,  and  the  reaction  allowed  to  continue 
for  three  hours.  The  saccharine  fluid,  or  wort,  is  then  conveyed  into  a  reservoir,  and  thence  into 
the  boilers  intended  for  the  decoction  of  hops. 

As  the  first  digestion  with  water  only  abstracts  from  the  malt  0-6  of  the  saccharine  matter  it 
can  furnish,  an  additional  quantity  of  water  at  176°  is  added,  equal  to  one-half  of  that  used  in  tho 
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first  operation,  and  is  allowed  to  act  for  one  hour,  the  liquid  produced  being  added  to  the  first 
Lastly  the  malt  is  exhausted  by  water  at  212°,  and  a  liquid  obtained  which  is  used  in  making 
small-beer     The  exhausted  malt  (called,  in  this  country,  grains)  is  used  as  food  for  animals. 

The  wort  is  heated  to  ebullition  with  hops  in  boilers,  which  must  be  kept  covered  to  prevent 
the  escape  of  the  essential  oil,  to  which  beer  owes  its  aroma,  and  are  furnished  with  an  apparatus 
which  constantly  stirs  the  mixture.  The  strength  of  the  wort  is  sometimes  increased  by  the  addi- 
tion of  Mucose  molasses,  or  raw  sugar.  The  wort,  thus  hopped,  is  conveyed  into  reservoirs,  where 
it  is  clarified  by  rest,  and  theu  run  off  into  other  reservoirs,  where  it  is  cooled  as  rapidly  as 
possible,  by  allowing  the  liquid  layer  only  a  thickness  of  4  or  5  in  ;  the  cooling  vats  being  placed 
in  large  rooms  surrounded  by  Venetian  blmds,  m  order  to  afford  a  free  circulation  of  air.  The 
proportion  of  hops  is  about  1  kilogramme  for  every  hectolitre  of  table-beer,  and  2  kilogrammes  for 
every  hectolitre  of  strong  beer. 

When  the  wort  is  cooled,  it  is  poured  into  a  fermenting  vat  or  tun,  and  a  quantity  of  yeast 
added,  varying,  according  to  the  season  and  strength  of  the  wort,  from  2  to  4  kilogrammes  for 
every  1000  litres,  and  maintained  at  a  temperature  of  about  68°.  The  fermenting  house  should 
be  well  aired,  in  order  to  allow  the  carbonic  acid  to  pass  off  rapidly.  The  fermentation  lasts  from 
24  to  48  hours,  producing  a  large  quantity  of  froth,  which  falls  from  the  tun  into  spouts  arranged 
for  the  purpose,  and  which,  when  collected  and  expressed  in  bags,  constitutes  beer-yeast. 

The  tuns  are  always  kept  full  by  adding  the  liquid  separated  from  the  froth.  The  fermenta- 
tion of  table-beer  is  completed  in  small  casks  filled  to  the  bung,  and  placed  on  a  scaffolding  over 
a  spout  which  carries  off  the  froth  still  arising  from  the  liquor  ;  and  when  the  fermentation  is 
finished  the  kegs  are  plugged,  and  the  beer  only  requires  a  clarification  with  fish-glue. 

Strong  beer  is  allowed  to  ferment  slowly  for  several  weeks  after  the  fermentation  in  the  tun,  in 
large  vats,  holding  as  much  as  2600  gallons. 

See  Attempeeator.  Barley-dressing  Machine.  Coolers.  Distilling  Apparatus.  Eleva^ 
tors.  Fermentation.  Grain  Measurer.  Hop  Back.  Kiln.  Liquor  Boiler.  Malt-dressing 
Machine.  Malt  House.  Malt  Mill.  Malt  Screen.  Mashing  Mill.  Mash  Tun.  Befrige- 
rator.    Sparger.     Stoves.    Union  Casks.    Wort  Copper.     Yeast. 

BRICK-MAKING  MACHINES.  Fr.,  Machine  de  briqueterie;  Gee.,  Ziegelpresse;  Ital., 
Macchina  da  far  mattoni. 

The  Brick-making,  Pugging,  and  Crushing  Machine  of  H.  Clayton,  Son,  and  Howlett,  is  shown 
in  Fig.  1304.  The  clay  to  be  made  into  bricks  is  thrown  into  the  hopper  A  of  the  machine.  In 
this  hopper  revolves  a  shaft  on  which  are  keyed  several  small  knives,  which  cut  up  the  clay 
previous  to  its  being  crushed.  It  next  passes  through  the  crushing-rollers  B,  B,  which  effectually 
reduce  to  powder  any  stones  or  hard  lumps  of  clay  that  may  enter  the  hopper  A. 

The  clay,  thus  partially  prepared,  next  passes  into  the  horizontal  pug-cylinder  C,  where  it  is 
thoroughly  mixed  and  incorporated  by  the  pug-knives  which  are  fixed  upon  the  central  shaft. 
These  knives  are  so  placed  that  they  force  the  clay  towards  the  farther  end  of  the  cylinder,  where 
it  is  pushed  by  means  of  a  rotary  blade  or  piston,  and  taken  by  the  small  feeding-rollers  D,  D'. 
The  mixture  having  been  drawn  by  the  small  feeding-rollers  D,  D',  into  the  chambers,  which  are 
placed  before  the  dies  E,  E,  situated  one  on  each  side  of  the  machine,  the  brick  material  issues 
through  the  rotary  orifice  dies  in  a  smooth  and  regular  stream,  the  angles  well  formed  and  the 
surfaces  clean.  It  is  then  cut  into  bricks,  of  the  required  size,  upon  the  cutting-tables  F,  F. 
This  construction  of  machine  is  made  of  two  sizes,  and  requires  no  masonry  foundations,  the  whole 
being  fixed  upon  cast-iron  foundation-plates  G. 

The  larger  machines  are  worked  by  a  16-h.p.  engine,  and  each  is  capable  of  producing  from 
20,000  to  30,000  bricks  a  day,  varying  according  to  the  quality  of  clay  used. 

The  smaller  machine  is  generally  worked  by  a  10-h.p.  engine  ;  this  machine  is  capable  of 
producing  from  15,000  to  20,0(J0  bricks  a  day. 

In  ordinary  hand-made  bricks,  the  main  expense  of  the  process  of  making,  besides  the  burning, 
consists  in  the  preparation  of  the  clay,  so  as  to  render  it  sufficiently  ductile  to  allow  of  its  being 
forced  into  the  moulds  by  hand-pressure  ;  this  necessitates  the  mixing  of  water  with  it,  and  thus 
requires  also  the  further  process  of  drying  the  bricks  before  placing  them  in  the  kiln.  The  risk 
of  damage  and  the  delay  from  weather  also  add  materially  to  the  expense  of  hand-made  bricks. 
The  application  of  machinery  to  the  manufacture  of  bricks  has  for  its  objects  economy,  certainty, 
and  expedition  of  production,  and  improvement  in  the  quality  and  appearance  of  the  bricks.  It 
is  still  a  question  how  far  these  objects  have  been  attained;  and  out  of  the  large  number  of 
machines  invented  for  brick-making,  but  few  are  at  present  in  regular  work  ;  omitting  tile  and 
ptpe-making  machines.  The  machines  now  at  work  may  be  divided  into  two  classes— those  which 
operate  upon  the  clay  in  a  moist  and  plastic  state,  and  those  for  which  the  material  requires  to  be 
dried  and  ground  previous  to  being  moulded.  In  the  former  class,  the  plastic  column  of  clay, 
having  been  formed  in  a  continuous  length  by  the  operation  of  a  screw,  pugging-blades,  or  rollers, 
is  divided  into  bricks  by  means  of  wires  moved  across,  either  whilst  the  clay  is  at  rest,  or  whilst 
in  motion  by  the  wires  being  moved  obliquely  at  an  angle  to  compensate  for  the  speed  at  which 
the  clay  travels.  In  consequence  of  the  clay  having  to  be  made  sufficiently  soft  to  allow  of  this 
wire-OUtting,  the  bricks  made  arc  but  little  harder  than  those  made  by  hand,  and  require  similar 
divin-  beton;  being  placed  in  the  kiln;  and  this  drying,  together  with  the  expense  of  preparing 
th''  clay  m  tin'  requisite  manner,  renders  the  expenses  of  manufacture  similar  to  those  involved  in 
hand-made  bricks.  In  the  second  class  of  machines,  a  superior  finish  of  appearance  is  obtained 
in  the  bricks  by  their  compression  in  a  dry  state  in  the  mould,  and  the  objection  of  subsequent 
drying  is  avoided  :  but  the  additional  preparation  requisite  in  drying  the  ciay  and  reducing  it  to 
a  sufficiently  fine  and  uniformly  pulverized  state,  and  the  more  expensive  character  of  the 
machinery  involved,  ¡uhi  materially  to  the  cost  of  manufacture. 

Bv  means  of  the  briok-making  machine  invented  by  a  Mr.  Oates,  and  described  by  John  E. 
( 'litt  m  a  paper  read  before  the  Inst,  of  Mechanical  Engineers,  the  difficulty  of  previous  prepara- 
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tion  of  the  clay  required  in  the  second  class  of  machines  is  not  incurred  ;  while  at  the  same  time 
the  subsequent  drying  of  the  bricks  required  with  the  other  machines  is  avoided.  In  this  machine 
the  clay  is  used  of  such  a  degree  of  dryness  as  to  allow  of  its  being  mixed  up  and  macerated  and 
compressed  into  bricks  by  a  single  continuous  action;  the  clay  being  formed  into  a  continuous 
column  and  compressed  into  the  moulds  by  the  action  of  a  revolving  vertical  screw.  The  clay 
requires  generally  no  previous  preparation  beyond  that  given  by  the  ordinary  crushing-rollers, 
and  is  sometimes  ready  to  be  put  into  the  machine  direct  from  the  pit  ;  in  other  cases,  where  con- 
taining a  mixture  of  stones,  it  is  first  passed  through  a  pair  of  crushing-rollers. 

The  machine  is  shown  in  Figs.  1305  to  1311.  Fig.  1305  is  an  end  elevation  of  the  machine; 
Fig.   1306    is   a  front  elevation,  13nR 

and  Fig.  1307  a  plan  ;  Fig.  1308 
is  a  vertical  transverse  section 
enlarged;  Fig.  1309  a  plan  of 
the  screw,  and  Fig.  1310  is  a 
longitudinal  section  of  the  ma- 
chine. 

The  cast-iron  clay  cylinder  A, 
Fig.  1308,  is  expanded  at  the 
upper  part  to  form  a  hopper  into 
which  the  clay  is  supplied,  and 
the  lower  cylindrical  portion  is 
about  the  same  in  diameter  as 
the  length  of  the  brick-mould  F 
at  the  bottom  of  the  pressing- 
chamber  B.  The  vertical  screw 
C  is  placed  in  the  axis  of  the  clay 
cylinder,  and  carried  by  two  bear- 
ings in  the  upper  frame  D  :  this 
screw  is  parallel  at  the  lower  part, 
the  blade  nearly  filling  the  paral- 
lel portion  of  the  clay  cylinder, 
and  is  tapered  conically  at  the 
upper  part  to  nearly  double  the 
diameter.  When  the  clay  is 
thrown  loosely  into  the  hopper, 
it  is  divided  and  directed  towards 
the  centre  by  the  curved  arm  E 
revolving  with  the  screw-shaft, 
and  drawn  down  by  the  tapered 
portion  of  the  screw  into  the 
parallel  part  of  the  clay  cylinder, 
in  sufficient  quantity  to  keep  this 
part  of  the  cylinder  constantly 
charged,  any  surplus  clay  easily 
escaping  laterally  into  the  loose 
clay  in  the  hopper.  The  clay  is 
then  forced  downwards  by  the 
parallel  portion  of  the  screw  into 
the  pressing-chamber  B,  and  into 
the  brick-mould  F,  which  consists 
of  a  parallel  block.  This  block 
is  equal  in  thickness  to  a  brick, 
and  slides  between  fixed  plates 
above  and  below  ;  these  plates 
containing  the  two  moulds  F  and 
G,  Fig.  1310,  corresponding  in 
length  and  breadth  to  the  bricks 
being  made. 

The  mould-block  F,  Fig.  1310,  is  made  to  slide  with  a  reciprocating  motion  by  means  of  the 
revolving  cam  H,  which  acts  upon  two  rollers  in  the  frame  I  connected  to  the  mould-block  by  a 
rod  sliding  through  fixed  eyes,  and  the  two  brick-moulds  are  thus  placed  alternately  under  the 
opening  of  the  pressing-chamber  B  to  receive  a  charge  of  clay  ;  the  mould-block  remaining  sta- 
tionary in  each  position  during  one  quarter  of  a  revolution  of  the  cam  H.  When  the  brick-mould 
F  is  withdrawn  from  under  the  press-chamber,  the  brick  is  discharged  from  the  mould  by  the 
desoent  of  the  piston  K,  which  is  of  the  same  dimensions  as  the  brick-mould;  the  piston  is  pressed 
down  by  the  lever  M  worked  by  the  cam  N,  when  the  brick-mould  stops  at  the  end  of  its  stroke, 
and  is  drawn  up  again  before  the  return  motion  of  the  mould  begins.  A  second  piston  L  acts 
in  the  Bame  manner  upon  the  second  brick-mould  G;  and  the  discharged  bricks  are  received 
upon  endless  bands  Í),  Figs.  1305  to  1307,  by  which  they  are  brought  successively  to  the  front 
of  the  machine,  w  here  they  are  removed  to  the  barrows  for  conveying  them  to  the  kiln  to  be 
burned. 

The  solid  block  that  divides  the  two  brick-moulds  F  and  G  is  slightly  wider  than  the  dis- 
oharge-opening  at  the  bottom  oí  the  pressing-chamber  B,  having  an  overlap,  so  that  the  making 
of  one  brick  is  terminated  before  that  of  the  next  begins,  in  order  to  ensure  completeness  in  the 
moulding.    During  the  instant  when  this  blank  is  passing  the  opening  at  the  bottom  of  the  pressing- 
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chamber,  the  discharge  of  the  clay  is  stopped,  and  it  becomes  necessary  to  provide  some  means 
of  either  relieving  the  pressure  during  that  period  or  stopping  the  motion  of  the  pressing-screw. 
The  latter  plan  would  be  impracticable  ;  and  in  this  machine  the  former  mode  is  established  by  a 
very  ingenious  contrivance,  forming  in  effect  a  safety-valve,  which  prevents  the  pressure  in  the 
chamber  from  increasing  when  the  brick-mould  is  shut  off,  and  also  serves  to  maintain  a  uniform 
pressure  durin"  the  formation  of  the  brick,  so  as  to  ensure  each  mould  being  thoroughly  and 
equally  filled  with  clay.  This  is  effected  by  an  escape-pipe  P,  Fig.  1308,  which  is  similar  in  form 
to  the  brick-mould,  but  extends  horizontally 
from  the  side  of  the  pressing-chamber,  and 
is  open  at  the  outer  extremity.  The  regu- 
lar action  of  the  screw  forces  the  clay  into 
this  escape-pipe  as  far  as  its  outer  extremity, 
forming  a  parallel  bar  of  clay  in  the  pipe  : 
the  resistance  caused  by  the  friction  of  this 
bar  in  sliding  through  the  pipe  is  then  the 
measure  of  the  amount  of  pressure  in  the 
machine;  and  this  pressure  cannot  be  ex- 
ceeded in  the  machine,  for  the  instant  that 
the  brick-mould  is  full  the  further  supply 
of  clay  fed  into  the  pressing-chamber  by 
the  continuous  motion  of  the  screw  escapes 
laterally  by  pushing  outwards  the  column 
of  clay  in  the  escape-pipe.  The  uniform 
pressure  of  every  brick  in  the  mould  up  to 
this  .fixed  limit  is  ensured  by  the  escape- 
pipe  not  beginning  to  act  until  that  limit 
of  pressure  is  reached.  Its  action  is  similar 
to  that  of  a  safety-valve;  and  the  amount 
of  pressure  under  which  the  bricks  are  made 
is  directly  regulated  by  adjusting  the  length 
of  the  escape-pipe. 

The  important  result  of  this  arrange- 
ment is  that  it  prevents  any  risk  of  over- 
straining the  machine;  and  the  action  of 
the  screw  has  a  special  advantage  in  filling 
the  brick-mould  with  a  continuous  uniform 
stream  of  clay,  which  is  being  constantly 
supplied  at  a  uniform  moderate  pressure,  so 
as  to  ensure  the  mould  being  thoroughly 
filled  with  a  uniform  density  of  clay  through- 
out, without  requiring  any  sudden  excessive 
pressure  that  would  cause  the  brick  to  be 
more  dense  on  the  outside  than  in  the  centre. 
The  pressing-chamber  is  made  larger  in 
transverse  area  than  the  supplying  screw  ^^ 

cylinder,  in  order  to  increase  the  uniformity  \§f-  ¿í^wl 

of  pressure  on  the  clay  in  the  chamber  ;  and  '*  *dsi¡^.rrrs=í&-i 

the  regularity  of  action  is  shown  by  the 
working  of  the  escape-pipe,  which  discharges 
a  continuous  bar  of  solid  clay,  advancing  by 
intermittent  steps  of  \  to  \  in.  of  length 
each  time  that  the  brick-mould  is  shut  off 
and  changed.  The  projecting  piece  of  clay 
from  the  end  of  the  escape-pipe  is  broken  oif 
from  time  to  time  and  thrown  back  into  the 
hopper  of  the  machine. 

The  upper  side  of  the  solid  block  separating  the  two  moulds  F  and  G  is  faced  with  steel, 
as  shown  in  Figs.  1308,  1310,  and  the  upper  face  of  the  brick  is  smoothed  by  being  sheared  off  by 
the  edge  of  the  opening  in  the  pressing-chamber  ;  the  under  face  of  the  brick  is  smoothed  by  being 
planed  by  a  steel  bar  R,  Fig.  1310,  fixed  along  the  edge  of  the  under -plate,  having  a  groove  in  it 
for  discharging  the  shaving  of  clay  taken  off  the  brick. 

The  screw-shaft  is  driven  by  bevel-gear  from  the  shaft  S,  Fig.  1305,  which  is  driven  by  a  strap 
from  the  engine,  the  speed  being  adjusted  according  to  the  quality  of  the  clay  or  the  wear  of  the 
screw.  The  screw  is  driven  at  about  thirty  revolutions  a  minute,  delivering  the  bricks  at  the  rate 
of  about  30  a  minute  when  at  full  speed,  or  one  brick  for  each  revolution  of  the  screw.  The 
machine  completes  regularly  in  ordinary  work  12,000  bricks  a  day,  or  an  average  of  20  good  bricks 
a  minute.  The  amount  of  power  required  for  driving  the  machine  and  the  wear  of  the  screw  vary 
according  to  the  material  worked.  At  the  Oldbury  Brick  Works,  where  two  of  the  machines  have 
been  working  regularly  for  three  years,  the  clay  is  a  calcareous  marl,  and  the  power  required  for 
each  machine  is  about  12  horse-power;  the  rate  of  manufacture  is  20  bricks  a  minute. 

The  wear  of  the;  .screw  varies  considerably,  according  to  the  material  of  which  it  is  made  and 
the  quality  of  the  clay  worked  in  the  machine.  In  a  machine  used  by  Peto  and  Betts  at  Cobham, 
cast-iron  screws  have  been  worn  out  in  a  short  time  with  very  siliceous  material;  but  in  two 
machines  working  at  Gosport  for  two  years,  the  screws  were  renewed  only  once  in  that  time, 
although  as  many  as  three  million  bricks  were  made  by  the  machines.    In  another  machine 
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working  for  two  years  at  the  Blaenavon  Iron  Works,  the  screw  and  mould-block  were  made  of 
gun-metal,  and  were  found  considerably  more  durable. 

With  regard  to  the  burning  of  the  bricks  made  by  these  machines,  no  difficulty  has  been 
found  from  the  bricks  not  having  been  dried  before  stacking  in  the  kiln  ;  and  a  very  small  pro- 
portion of  waste  is  made  in  the  burning.  Where  the  clay  contains  much  alumina  and  retains 
more  moisture  in  consequence,  it  is  found  advisable  to  stack  the  bricks  in  the  kiln  in  lifts,  as  they 
are  termed,  of  from  fifteen  to  twenty  courses  each  :  as  soon  as  the  bottom  lift  has  been  stacked, 
small  fires  are  lighted  to  drive  off  the  steam  from  the  bricks,  which  might  otherwise  soften  those 
stacked  above  ;  the  middle  lift  is  then  stacked  and  similarly  dried,  and  then  the  top  lift,  after 
which  the  full  fires  are  lighted.  In  other  cases  the  whole  kiln  is  stacked  at  once,  and  no  difficulty 
has  been  experienced  from  the  lower  bricks  not  being  able  to  bear  the  weight  of  the  upper  bricks. 

1310.  1311. 


1312. 


Sections,  elevations,  and 
details  of  Piatt  and  Co.'s 
dry-clay  brick-making  ma- 
chine are  shown,  Figs.  1312 
to  1319.  We  take  a  descrip- 
tion of  this  machine  from  a 
paper  read  before  the  Inst, 
of  Mechanical  Engineers,  by 
B.  Fothergill.  The  clay  is 
taken  from  the  bank  in  tram- 
way trucks  to  a  large  shed 
or  covered  storehouse,  which 
keeps  the  machines  from 
injury  while  being  worked 
in  bad  weather,  when  the 
clay  cannot  be  got  suffi- 
ciently dry.  Under  the  shed 
floor  is  an  arrangement  of 
flues  that  can  be  heated  to 
dry  the  clay  as  it  is  taken 
from  the  bank.  From  this 
shed  the  dry  clay  is  taken 
by  an  elevator  A,  Figs.  1312, 
1313,  and  shot  into  a  hopper 
at  the  upper  end  of  a  revolv- 
ing pulverizing  machine  B, 
consisting  of  a  screen  fixed 
at  a  slight  inclination  from 
a  horizontal  position,  and  so 
constructed  and  arranged 
that    the  clay  is    pounded  ', 

and  forced  tlxrough  it  by  crushers,  while  stones  and  other  hard  substances  are  ejected  at  its 
lower  end. 
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The  pulverizer  is  shown  enlarged  in  Figs.  1314,  1315.  The  fixed  shaft  C  is  set  at  a  slight 
inclination  from  the  horizontal,  and  the  ends  D  D  of  the  screen  revolve  upon  it  to  these  ends 
are  bolted  the  longitudinal  bars  E  E  round  the  circumference,  forming  the  screen.  These  bars  are 
of  a  wedge-shaped  section,  so  as  to  give  a  wider  opening  between  them  on  the  outer  than  on  the 
inner  side,  to  allow  the  pulverized  clay  a  free  escape  There  are  also  attached  to  the  shaft  C 
within  the  ends  of  the  screen  two  bearers  F  F  connected  by  two  longitudinal  bolts,  which  carry 
a  series  of  cast-iron  crushers  or  pulverizers  Gr  G,  weighing  about  f  cwt.  each  one  bolt  forms  a 
fixed  axis  at  the  extremity  of  the  pulverizers  ;  and  the  other  bolt  acts  as  a  support  for  them,  in 
such  a  manner  as  to  allow  a  slight  space  between  their  extremities  and  the  inner  side  of  the 
screen-bars  E,  to  prevent  actual  contact  when  the  machine  may  be  working  without  clay.  The 
screen  is  made  to  revolve  at  about  twenty-five  revolutions  a  minute  by  a  pinion  driving  the  wheel 
H  fixed  upon  the  upper  end.  The  clay  is  fed  in  by  the  hopper  I  at  the  upper  end,  and  by  the 
rotary  movement  of  the  screen  is  carried  forward  and  under  the  pulverizers  G,  which  break  up 
the  lumps  and  press  the  clay  out  through  the  spaces  between  the  bars  E  ;  but  owing  to  the  manner 
in  which  the  pulverizers  are  ar- 

1313. 


ranged  and  supported,  they  yield 
and  rise  when  stones  or  other 
hard  substances  are  passing  under 
them,  preventing  any  damage  to 
the  machine  ;  and  in  consequence 
of  the  inclination  at  which  the 
screen  is  set,  the  stones  are  gra- 
dually traversed  through  its  entire 
length,  and  ultimately  rejected  at 
the  lower  end  which  is  left  open 
for  the  purpose. 

The  clay  is  then  conveyed  from 
under  the  pulverizer  by  an  ele- 
vator K,  Figs.  1312,  1313,  into  a 
revolving  conical  screen  or  sifter 
L,  shown  enlarged  in  Figs.  1316, 
1317;  from  which  it  falls  into 
the  hopper  of  the  brick-press  M, 
Figs.  1312,  1313,  in  a  state  of 
fine  powder;  any  particles  not 
passing  through  the  meshes  of  the 
sifter  L  are  rejected  at  its  larger 
end  and  conveyed  by  a  spout  to  a  pair  of  small  crushing-rollers  N,  and  thence  back  by  the  spout 
O  to  the  foot  of  the  first  elevator  A,  where  they  are  mixed  with  the  crude  clay,  and  go  through 
the  same  process  again. 


1315. 


1316. 


pÄ9atS^ffiÄ  QT?r"Ci\  "\FTl3lS<  13i°;  Fi-  1318  ia  a  frout  ovation,  «"* 

then,;',,,  -  5  i     *  ]  Vld(>,<;ll,'(;ks  A  A  ™F*  0n  thc  foundation-plate  and  support 

principal  paits  ot  the  press.     B  is  the  frame  or  bed  where  the  moulds  are  arranged  and  in 
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which  the  bricks  are  formed.  Cis  the  sliding  mould-charger,  to  take  the  clay  from  the  hopper  D 
to  the  brick-moulds  ;  an  adjustable  striker  E  is  fixed  upon  the  front  of  the  hopper  to  »au"e  the 
charge  of  clay  when  being  conveyed  to  the  moulds  by  the  forward  motion  of  the  lever°F  which 
is  actuated  by  the  cam  G,  shown  dotted  in  Fig.  1319,  fixed  upon  the  bottom  cam-shaft  H.  The 
lower  ram  I  rests  upon  and  is  actuated  by  the  cam-shaft  H,  and  is  formed  with  four  pistons  K 
upon  the  upper  surface;  each  of  the  pistons  fits  into  a  separate  brick-mould.  The  top  cam-shaft 
L  gives  motion  to  the  upper  ram  M,  which  is  also  formed  with  four  pistons  N  upon  the  lower 
surface,  exactly  corresponding  with  the  four  lower  pistons  K  and  fitting  into  the  same  brick- 
moulds.  The  two  cam-shafts  are  driven  at  the  same  speed  by  the  spur-wheels  O  which  are  driven 
by  the  pinion  P. 

The  cams  R  S  lift  the  upper  ram  M,  and  are  so  arranged  as  to  produce  two  successive 
elevations  and  allow  two  falls  of  the  ram  and  pistons  in  the  formation  of  each  series  of  four  bricks 
made  at  each  revolution  of  the  machine.  The  first  blow  of  the  pistons,  after  being  raised  by  the 
first  cam  E,  drives  the  clay  out  of  the  ftrar  apertures  in  the  mould-charger  C,  which  have  been 
brought  directly  over  the  four  brick-moulds  by  the  motion  of  the  lever  F  and  compresses  the 
clay  into  the  moulds,  thereby  expelling  the  air  from  it  :  a  very  heavy  blow  is  given  by  the  pistons 
upon  the  clay,  the  total  weight 

of  the  falling  parts  being  nearly  1318» 

1  ton.  The  pistons  are  then 
raised  by  the  second  cam  S  to  a 
suitable  height  to  allow  the 
mould-charger  C  to  move  back 
to  its  former  position  underneath 
the  hopper  D,  for  the  purpose  of 
being  filled  with  another  charge 
of  clay.  A  second  blow  of  the 
pistons  then  takes  place,  tho- 
roughly condensing  the  clay  in 
the  moulds  ;  and  the  final  pres- 
sure to  finish  the  bricks  is  then 
given  on  the  top  side  by  the 
pressing  cams  T  acting  upon 
the  friction-rollers  U  which  are 
fixed  on  the  upper  ram  M  :  this 
downward  pressure  is  met  by  a 
simultaneous  upward  movement 
of  the  lower  pistons  K,  given  by 
the  eccentric  form  of  the  bottom 
cam-shaft  H.  The  shaft  H  is 
also  formed  so  as  to  raise  the 
bricks  up  to  the  top  surface  of 
the  mould-bed  B  after  the  pres- 
sure is  completed,  whence  they 
are  removed  to  the  table  V  by 
the  forward  movement  of  the 
mould-charger  C,  when  deliver- 
ing the  charge  of  clay  for  the 
next  set  of  bricks.  An  india- 
rubber  buffer-spring  X  is  placed 
in  the  upper  ram  Si,  to  receive 
the  concussion  of  the  fall  of  the 
ram  upon  the  cams  B  S,  in  case 
the  machine  should  from  any 
cause  run  without  clay.  By 
this  arrangement  of  applying 
the  pressure  both  below  and 
above  simultaneously,  the  bricks 
are  kept  in  continued  motion, 
sliding  through  the  moulds  whilat  the  severe  pressure  of  the  cams  is  taking  place  ;  which  gives  a 
fine  polished  surface  to  the  sides  of  the  bricks,  and  ensures  the  angles  being  all  filled  up  completely 
square. 

The  faces  of  the  moulds  are  formed  of  wrought-iron  plates  casehardened  and  secured  by  pins, 
so  that  they  can  be  easily  removed  and  replaced,  when  necessary. 

The  whole  process  is  thus  self-acting,  from  the  crude  clay  being  fed  into  the  pulverizer  out  of 
the  drying-shed,  to  the  bricks  being  finished  by  the  press  ready  for  the  clamp  or  kiln  ;  and  no 
waste  of  material  takes  place,  other  than  the  rejection  of  the  stones  by  the  pulverizer  in  the  first 
process,  and  no  process  of  drying  the  bricks  being  requisite,  they  are  taken  direct  from  the 
machine  and  stacked  in  the  kiln  ready  for  burning,  thus  avoiding  all  risk  of  damage  from  handling 
whilst  in  an  unbaked  state.  The  clay  may  be  mixed  with  breeze  or  ashes,  or  chalk  for  white 
bricks,  or  other  such  substances,  the  machines  working  any  sort  of  clay  or  mixture  equally  well  ; 
the  press  by  its  extreme  pressure  forms  a  perfect  brick  in  an  unburned  state,  and  an  uncommon 
hardness  and  closeness  is  obtained. 

By  this  process  of  manufacture,  within  a  quarter  of  an  hour,  clay  may  be  taken  from  the  shed 
in  its  crude  state,  and  the  bricks  delivered  by  the  press,  taken  by  a  tramway,  and  lauded  in  the 
kiln  ready  to  be  burned  in  the  usual  way.     Buildings  have  been  erected  with  these  bricks  ;  and 
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it  is  found  that  with  care  in  setting  the  bricks  the  inside  surface  is  as  perfect  as  the  outside, 
and  is  finished  without  any  occasion  for  plaster.  For  bricks  so  perfectly  formed  it  might  be 
expected  that  great  care  would 
be  required  in  manipulation, 
and  the  production  must  neces- 
sarily be  slow.  The  reverse  is 
however  the  case,  and  the  fol- 
lowing is  the  result  of  actual 
working.  The  machinery  pre- 
pares the  clay  and  completes  the 
bricks  at  the  rate  of  30  bricks  a 
minute,  or  1800  an  hour ,  in  one 
day  of  10  hours'  work  18,000  are 
produced,  giving  a  total  produc- 
tion of  5,400,000  a  year  of  300 
working  days.  Thus  with  a 
very  moderate  amount  of  atten- 
tion paid  to  burning,  which  is 
rendered  easy  by  the  great  firm- 
ness of  the  bricks,  5,000,000  of 
perfect  bricks  may  be  burned 
from  one  machine  in  a  year. 

Fig.  1320  is  of  a  brick  ma- 
chine, which  requires  from  6  to  8 
horse-power  to  produce  12,000 
to  18,000  bricks  a  day,  according 
to  the  nature  of  the  clay  ope- 
rated upon.  This  small  machine 
of  Clayton  and  Howlett  crushes 
the  clay,  pugs  the  material,  and 
moulds  the  bricks  :  it  is  a  very 
complete  machine. 

The  rough  clay  A  is  taken 
from  the  heap  in  barrows  and 
wheeled  up  an  incline,  or  it  is 
drawn  up  the  incline  by  suit- 
able gearing  by  the  power  of 
the  machine,  and  then  shovelled 
into  the  feeding-hopper  B,  in 
which  revolves  a  shaft  which 
has  several  small  knives  fixed 
upon  it;  the  duty  of  these 
knives  is  to  cut  up  the  large 
lumps  of  clay,  and  at  the  same 
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time  to  press  it  down  upon  the  rollers  incased  in  B,  and  further,  to  prevent  the  receiving-hopper 
from  becoming  choked. 

The  crushing-rollers  next  grip  the  clay,  and  crush  all  hard  lumps  and  large  stones,  and  force 
the  thus  partially-prepared  material  to  the  pug-cylinder  C,  in  which  revolves  a  strong  shaft  fitted 
with  a  number  of  knives,  set  in  such  a  manner  so  as  to  form  sections  of  a  screw,  which  by  their 
rotary  action  thoroughly  pug  or  mix  the  clay,  and  at  the  same  time  force  the  homogeneous  mass 
towards  the  end  D  of  the  cylinder,  where  it  passes  through  the  die  or  moulding  orifice  on  to  the 
cutting-off  tables. 

David  Murtha's  brick  machine,  Fig.  1321,  has  a  series  of  rotating  circular  disks  I,  arranged  so 


as  to  operate  upon  the  clay,  which,  after  being  forced  from  the  narrow  opening  b  of  the  clay  recep- 
tacle, is  cut  into  strips  of  the  proper  width  of  the  length  of  the  brick.  In  front  of  the  disks  I  is  a 
transverse  series  of  similar  disks  J,  for  the  purpose  of  cutting  the  strips  of  clay  into  the  proper 
widths.    The  feeding-table  E'Ee  is  made  in  sections,  so  as  to  admit  of  being  passed  successively 

through  the  machine. 
1323.  Fig.  1322  shows  S.  M.  Parish's  apparatus  for  drying 

bricks.  It  has  a  combination  of  adjustable  supports  G-, 
to  prevent  the  weight  of  the  bricks  from  sagging  the 
board,  which  rests  on  a  carriage.    A  rod  which  connects 


Pföq 


the  slats  is  pivoted  on  journals,  and  used  in  connection 
with  a  carriage  E  and  movable  rails.  B  B  are  covered 
tracks  ;  G  H  adjustable  loading-stays  ;  B'  B'  movable 
extension-rails;  A  A  posts;  I  stringers;  C  the  return 
tracks  ;  and  D  the  roof  of  the  shed. 


TT  U 

Pugging.— -The  pug-mill  is  one  of  the  most  useful  and  essential  implements  in  brick  and  tile 
manufacture.  The  object  of  pugging  the  clay  is  to  bring  it  into  a  complete  homogeneous  state  of 
consistency.  In  the  clay  as  dug,  with  rare  exceptions,  the  strata  are  various.  In  some  portions 
the  unctuous,  in  others  the  sandy,  siliceous,  or  other  qualities  prevail.    In  order  to  work  brick- 
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ciav  properly  and  effectively,  it  is  indispensably  necessary  to  incorporate  its  various  component 
parts  and  to  make  it  of  one  uniform  character.  The  pug-mill  is  therefore  the  most  valuable  and 
important  precursor  of  the  subsequent  processes  of  brick  as  well  as  of  tile  manufacture,  inasmuch 
as  the  equal  consistency  and  integrity  of  the  raw  material  can  alone  ensure  the  uniform  strength 
and  good  quality  of  the  completed  brick  or  tile.  H.  Clayton  and  Co.'s  improved  Archimedian 
knife° pug-mill,  Fig.  1323,  produces  these  desirable  results.  • 

In  Fi^  1323,  A  is  a  cast-iron  cylinder  into  which  the  clay  required  to  be  pugged  is  thrown. 
Upon  the  central  shaft  B  are  fixed  wrought-iron  steel-tipped  knives  C,  C,  C,  C  (so  placed  as  to 
form  a  section  of  a  screw),  which  cut  up  and  mix  the  clay,  and  at  the  same  time  force  it  down- 
wards to  the  outlet  D  at  the  bottom  of  the  cylinder,  which  can  be  adjusted  with  a  sluice-door  and 
lever  for  letting  the  clay  out  at  certain  times.  .,„-., 

There  is  a  door  E,  fastened  with  a  strong  wrought-iron  bar,  m  the  middle  ot  the  mill,  tor  con- 
venience, when  it  is  necessary  to  inspect  and  clean  the  knives  from  roots  and  other  foreign  mate- 
rials that  may  adhere  to  them.  .',,,,■,.■„ 

The  bottom  end  of  the  pug-shaft  B  works  in  a  steeled  bushed  step  Ì . 

Clayton,  Son,  and  Ilowlett's  Brick-cutting  and  Self-delivery  Table,  Fig.  1324.— "When  a  stream  of 
clay  of  sufficient  length  to  cut  the  desired  number  of  bricks  has  been  expressed  from  the  die  or 

1324. 


moulding  orifice  of  the  machine  on  to  the  receiving-rollers  a,  a,  a,  the  single  cutting-wire  b  ia 
caused  to  pass  through  the  stream  of  clay  to  sever  or  divide  it.  The  desired  length  of  moulded 
clay  being  now  cut  off  from  the  mass,  it  is  drawn  forward  by  hand  over  the  receiving-rollers  on. 
to  the  cutting  or  plate  table  c,  in  front  of  the  cutting-wires  d,  d,  d,  so  that  the  expression  of  the 
main  stream  of  clay  from  the  moulding  machine  may  continue  without  interruption,  whilst  the 
severed  portion  intended  to  be  cut  up  remains  stationary. 

This  portion  of  the  moulded  clay  is  now  ready  to  be  cut  up  into  bricks,  which  is  done  by 
causing  the  wires  to  pass  through  it  by  means  of  operating  the  handle  e,  which  simultaneously 
transmits  motion  to  the  pinions  //,  the  racks  g  g,  and  the  whole  rack-frame  h  h,  carrying  with  them 
the  series  of  wires  d,  d,  d,  and  also  the  plate-table  c  and  platen  or  board  i,  causing  the  plate-table  o 
to  pass  from  under  the  clay  through  which  the  wires  are  passing,  and  to  be  replaced  by  the 
portable  platen  or  board  i.  The  handle  e  is  now  to  be  moved  in  the  opposite  direction,  by  which, 
the  whole  movable  parts  described  are  returned  to  their  original  position,  taking  with  them  the 
clay  now  in  form  of  cut  bricks  on  the  platen  or  board  i .  this  platen  or  board  i  is  then  removed 
with  the  bricks  upon  it.  Another  board  being  substituted,  the  machine  is  now  in  position  to  repeat 
the  operation. 

One  of  the  great  advantages  of  this  table  over  those  previously  in  use  consists  in  the  perfect  ease 
with  which  a  large  number  of  bricks  can  be  cut  and  safely  removed  from  the  machine  in  a  given 
time.  This  is  effected,  not  by  increasing  the  quantity  of  material  coming  from  the  moulding 
machine,  but  by  the  greatly-increased  facility  for  the  required  operations,  and  by  lessening  the 
number  of  the  waste  pieces  of  moulded  clay.  It  also  wholly  supersedes  the  risk  and  labour  in 
the  removal  of  the  bricks  from  the  machine.  In  other  machines  of  the  kind  the  cut  bricks  have 
to  be  removed  from  the  table  separately  to  place  them  on  the  barrow,  rendering  this  portion  of  the 
operation  subject  to  loss  or  damage  of  the  bricks  by  negligence  of  the  workmen. 

In  this  table  these  practical  objections  are  avoided,  as  by  its  arrangement  a  positive  number 
of  (ten  or  twelve)  bricks  is  cut  and  delivered,  by  one  simultaneous  operation,  each  time  of  cutting 
on  to  a  receiving  palette  or  board  ready  to  be  placed  upon  the  brick  barrow  without  the  cut  bricks 
haying  been  handled  in  any  way. 

This  tabic  also  possesses  the  advantage  of  being  available  for  any  variation  of  length  of  brick 
and  for  any  required  angle  of  cut,  or  for  arch  bricks,  simply  by  removing  the  two  strain-bars 
between  which  the  wires  arc  stretched,  and  by  replacing  them  with  other  bars  of  the  desired 
gauge,  thus  superseding  he  necessity  of  *ho  outlay  hitherto  necessary  for  a  series  of  separate 
cutting-tables.     The  action  of  this  table  is  such,  that  whilst  the  wires  are  passing  through  the 
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clay,  it  is  held  true  and  firmly  against  a  smooth  metallic  resistance-plate;  thus  the  finish  of  the 
cut  is  clean  and  the  ends  of  the  bricks  are  square,  and  not  left  ragged  or  torn. 

Hand-power  Brick-pressing  Machine,  Fig.  1325.— This  little  machine  of  Messrs.  Clayton  and  How- 
left  is  the  most  perfect  of  the  kind  that  has  fallen  under  our  notice.  A  is  the  mould  box  or  chamber 
in  which  a  piston  is  moved 

up  and  down  by  means  of  par-  1325, 

tial  revolution  of  a  cam  on  D 

the  cam-shaft  B,  actuated  by 
the  hand-lever  C  ;  this  cam- 
shaft is  connected  with  the 
top-cover  D  by  the  side  arms 
E,  and  moves  up  and  down 

with  it,  but  when  pressing  is  \\  (   WffWT"*^^?^    \   I 

free  to  reciprocate  on  its  own 
centre  without  moving  the 
cover  or  side  arms.  F  is  a 
weight  attached  to  the  cam- 
shaft, and  vibrates  with  the 
hand-lever  C,  which  being 
sharply  thrown  over,  adds 
considerably  to  the  pressure 
by  its  own  momentum.  G  is 
a  friction-roller  on  which  the 
curved  end  of  the  hand-lever 
works  when  delivering  the 
bricks,  and  by  pulling  the 
hand-lever  over  in  the  posi- 
tion shown  in  the  engraving, 
the  whole  of  the  cam-shaft, 
"with  the  side  arms  and  cover, 
are  bodily  raised,  and  the 
piston  is  brought  up  flush 
with  the  top  edge  of  the 
mould-box.  The  rough  brick 
H  to  be  pressed  is  now  placed 
upon  the  piston,  and  the  lever  is  brought  over  to  the  right  stop  I.  The  curved  end  K  travels 
upon  the  friction-rollers,  and  the  whole  cam-shaft,  side  arms,  top-cover,  and  the  piston  with  the 
brick,  are  lowered  until  the  lever  arrives  at  a  perpendicular  position,  by  which  time  the  cover  has 
"been  brought  into  its  proper  position  on  the  top  of  the  box  by  the  guides  ;  the  cam-shaft  is  now 
entirely  supported  by  the  side  arms  and  cover,  and  simply  reciprocates  upon  its  own  centre,  which 
motion  causes  the  cam  to  raise  the  piston  and  compresses  the  brick.  The  lever  is  now  thrown 
sharply  back  to  the  opposite  side,  which  action  causes  the  curved  end  of  the  lever  to  ride  upon 
the  roller,  and  bodily  raises  the  cam-shaft,  the  top-cover,  and  the  piston,  and  delivers  the  brick 
ready  to  be  taken  away. 

One  of  the  great  features  in  this  press  is  the  patent  self-lubricating  piston,  whereby  a  great 
saving  of  time  is  effected,  and  the  great  desideratum  of  preventing  the  adhesion  of  the  brick  to  the 
mould  has  been  obtained. 

The  process  of  washing  is  resorted  to  for  the  effectual  separation  of  limestones  and  other  sub- 
stances from  earths  into  which  they,  injuriously  to  the  manufacture  of  clay  wares,  intrude  .  or  for 
those  classes  of  bricks,  such  as  London  stocks,  with  which  for  a  special  object  chalk  is  largely 
mingled  with  the  clay.  For  such  object  Roller  and  Harrow  Wash-Mills  are  much  used,  and  they 
are  applicable  separately  as  chalk-mills.  These  mills  are  also  used  in  cases  where  a  special 
manufacture  renders  the  washing  of  the  clay,  or  of  the  whole  of  the  raw  material,  necessary. 

1326. 


Fig,  1320  represents  a  cross-section  of  one  of  Clayton  and  Co.'s  Clay  and  Chalk  Washing-Mills  ; 
there  are  two  races  D,  €,  the  minor  one  D  for  chalk,  and  the  outer  C  for  clay.    A  is  a  central  iron  shaft, 
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supported  at  the  top,  bottom,  and  centre  by  the  steps  V,  W,W;  to  this  sùaft  is  fixed  a  6-way 
beam-socket  Y,  into  which  are  fitted  and  secured  six  harrow  beams,  two  of  which  are  shown  at 
E,  E,  Fig.  1326,  radiating  from  Y.  Upon  these  beams  E,  E,  are  fastened  harrows  F,  F,  by  means 
of  chain  slings  g,  g,  which  when  the  mill  is  at  work  permit  of  the  harrows  making  a  zig-zag 
motion.  The  chalk  race  D  is  furnished  with  three  spike-rollers,  one  of  which  is  shown,  in 
Fig.  1326,  at  H.  Besides  the  harrows  we  have  mentioned,  there  are  two  others  attached  to  their 
respective  beams  E  in  the  chalk  race  D. 

The  ends  of  the  harrow  beams  E  are  supported  by  tie-bolts  K,  K,  K,  K,  which  are  secured  to 
a  lug-ring  b  at  the  top  of  the  centre  shaft  A.  The  tie-bolts  are  carried  through  the  lugs  on  the 
beam-caps  p,  and  can  be  tightened  up  when  required  by  the  nuts  at  p.  Scrapers  T  T  are  fixed  at 
the  ends  of  the  beams  to  keep  the  sides  of  the  races  clean.  Motion  is  given  to  the  central  shaft 
through  a  bevel-pinion  R  on  the  lay  shaft  S  and  bevel-wheel  O  keyed  on  the  central  shaft  A. 
This  bevel-wheel  O  works  on  antifriction  rollers  P,  P,  fitted  beneath  it.  Chalk  is  thrown  into  the 
hopper  B  (secured  on  to  and  revolving  with  the  beams  E),  and  passes  into  the  chalk  race  D,  where 
water  is  introduced.  The  material  becomes  quickly  liquefied,  and  passes  through  the  apertures 
Z  Z  into  the  clay  race  0,  wherein  is  thrown  the  clay,  &c,  required  to  be  washed,  which  is  here 
worked  by  the  harrows,  reduced  to  a  thick  liquid  state,  and  amalgamated  with  the  chalk  water. 
The  limestones  precipitate,  and  the  liquid  mixture  is  let  off  through  the  sluice  L  and  outlet  M 
to  the  "  back,"  or  reservoir,  where  it  remains  until  of  suitable  consistency  for  being  moulded. 

Crushing. — In  Fig.  1327  A  is  the  receiving-hopper  of  Clayton's  Clay-crushing  Mill,  into  which 
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the  earth  requiring  to  be  crushed  is  thrown.  B,  B',  are  cast-iron  chilled  rollers,  bored  and  keyed 
upon  wrought-iron  shafts,  which  work  in  gun-metal  bearings.  The  rollers  B,  B',  may  be  set  nearer 
or  closer,  as  desired,  by  means  of  the  set  screws  C,  C,  so  that  the  stones  and  lumps  of  hard  clay 
may  be  crushed  as  well  as  the  finer  material.  The  machine  is  fixed  upon  a  strong  timber  framing  ; 
round  the  receiving-hopper  A  a  platform  is  usually  erected  for  the  convenience  of  wheeling  the 
clay  to  the  mill. 

Vertical  Pugging  and  Moulding  Machine.— The  machine  of  which  Fig.  1328  is  a  side  elevation 
and  Fig.  1329  a  plan,  is  sometimes  termed  a  two-process  brick-making  machine.  This  machine  of 
Clayton  and  Co.  is  very  substantial  and  complete  ;  C  is  a  cast-iron  vertical  cylinder  fitted  at  top 
with  a  sheet-iron  hood  or  guard  H  (for  convenience  in  feeding),  mounted  and  bolted  firmly  upon  a 
strong  cast-iron  framework  F  F  and  foundation-plate  F1.  S  S  are  two  side  frames,  also  bolted  to 
framework  F  F  and  to  foundation-plate  F1,  whose  duty  is  to  carry  the  expressing  or  mould- 
feeding  rollers  R  R.  The  vertical  cylinder  C  is  furnished  with  a  strong,  square,  wrought-iron  pug- 
shaft  S1,  turned  at  ends,  and  into  which  are  fitted  and  secured  single  wrought  pugging-knives 
or  blades  B  B  B  B,  so  disposed  as  to  form  sections  of  a  screw,  and  at  bottom  of*  the  cylinder  one 
double  delvmg-blade  or  sweeper  D,  forged  in  form  of  3.  Motion  is  given  to  this  pug-shaft  S1  by 
means  of  bevel-wheel  W,  keyed  upon  the  vertical  shaft,  and  pinion  W  fitted  upon  the  pulley- 
shaft  A  underneath  the  cylinder-plate  F.  The  vertical  shaft  S1  runs  in  a  step  T  bolted  to  the 
foundation-plate  F1,  and  is  supported  by  a  collar  B1  in  the  cylinder-plate  F,  and  also  by  a  bridge- 
bar  B  fitted  at  the  top  of  cylinder,  thus  rendering  the  whole  substantially  ri^id.  A  sluice- 
valve  V  is  adjusted  at  the  bottom  and  outside  of  the  cylinder  C,  opposite  to  the  expressing- 
rollers  R  R,  fitted  with  regulating-screw  and  wheel  S2.  Two  wrought-iron  carriage-bars  C  Ü'  are 
bolted  to  cylinder-frame  F  F  and  roller-frame  S  S,  into  which  are  fixed  small  rollers  R'  R', 
making  a  framework  bridge  for  the  passage  of  the  pugged  earth  from  the  sluice-valve  V  to  the 
rollers  R  R. 

PP  are  segmental  packing-pieces  of  wrought  iron  inserted  in  suitable  recesses  inside  the 
roller  Hide  frames  S  S  fitted  with  set  screws,  so  that  they  may  be  pressed  against  the  ends  of  the 
rollers  R  R,  to  prevent  the  passage  of  the  clay  between  the  rollers  and  the  side  frames,  and 
compensate  for  the  wear  of  these  parts.  The  rollers  RR  receive  motion  by  suitable  strong  spur- 
wheel  gearing  from  the  horizontal  pulley-shaft  A  and  pinion  P'  through  the  intermediate  shaft 


BRICK-MAKING  MACHINES. 


655 


A2  and  wheel  E  to  lower  feeding-roller 
shaft  A3  and  wheel  E',  the  top  roller 
being  geared  on  the  opposite  side  by  a 
pair  of  spur-wheels  G  Gr. 

N  N  are  steel  scrapers  with  regu- 
lating-screws fitted  upon  the  delivery 
mouth-piece  of  the  machine,  for  cleaning 
the  rollers  as  they  revolve. 

In  front  of  the  delivery  mouth-piece 
is  attached  the  rotary  die  or  mould,  of 
which  M  M  are  the  rollers,  which  are 
covered  with  cloth  or  fustian.  These 
side  moulding-rollers  are  driven  by 
small  bevel-wheels  and  horizontal  shaft 
N  on  the  top  side  of  the  die,  receiving 
motion  from  the  lower  roller-shaft  A3 
by  pulleys  and  belt.  A  water-tank  T1 
is  attached  over,  fitted  with  pipes  and 
regulating-cocks,  for  keeping  moist  the 
cloth-faced  rollers  M  M,  to  prevent  the 
clay  adhering  thereto  as  they  rotate. 
In  front  of  the  rotating  die  or  moulding 
orifice  is  shown  the  self-delivery  cutting- 
table,  of  which  a  description  has  already 
been  rendered. 

The  brick-making  machinery,  in- 
vented by  Henry  Large,  which  is  em- 
ployed to  make  hard  bricks,  and  espe- 
cially those  which  do  not  require  burning, 
is  illustrated  by  mechanical  drawing, 
Figs.  1330  to  1337. 

The  materials  of  which  the  bricks 
are  to  be  made  when  properly  mixed 
are  placed  in  a  mould,  which  is  then 
brought  under  a  plunger  worked  by  a 
crank-pin,  eccentric,  or  other  equivalent 
mechanical  device,  whereby  the  mate- 
rials in  the  mould  will  become  con- 
solidated and  compressed  into  the  form 
of  a  brick.  The  mould  with  the  com- 
pressed brick  therein  is  then  carried 
forward  to  a  second  plunger,  the  rod  of 
which  is  connected  by  a  rocking  lever 
to  the  rod  of  the  first  plunger,  so  that 
immediately  after  a  brick  has  been  com- 
pressed the  brick  that  has  just  been 
passed  forward  will  be  by  the  descent  of 
the  second  piston  forced  out  of  the  mould 
on  to  a  receiving-table  attached  to  the 
end  of  a  weighted  lever,  from  which  the 
finished  brick  is  removed  by  hand,  and 
then  the  table  is  carried  up  by  a  weighted 
lever  into  its  original  position,  ready  to 
receive  another  brick. 
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Fig.  1330  is  a  side  elevation,  and  Fig.  1331  a 
front  elevation,  of  one  of  Large"  s  brick  machines, 
which  may  also  be  employed  for  moulding  or 
compressing  peat  or  small  coal  into  bricks  of  arti- 
ficial fuel. 

A  plunger  a  is  employed,  to  which  a  vertical 
reciprocating  motion   up  and  down  in  suitable 
guides  is  communicated  by  an  axis  b  driven  in 
any  convenient  manner  by  steam,  horse,  or  manual 
power,  and  carrying  a  crank-pin  6*,  which  is  re- 
ceived into  a  horizontal  slot  in  the  stem  of  the 
plunger  a  ;  beneath  which  is  a  table  c  to  support 
the  moulds  d,  which  moulds  are  shown  detached 
in  side  view  at  Fig.  1332,  end  view  at  Fig.  1333, 
and  plan  view  at  Fig.  1334,  and  are  rectangular 
frames  open  at  the  top  and  bottom,   and  per- 
forated on  both  sides  and  both  ends.     The  mould 
is  placed  on  the  table,  and  into  it  there  is  first 
inserted  an  iron  pallet  or  bed,  shown  detached  in 
Fig.  1335;  this  bed  is  perforated,  and  having  a 
projection  upon  it  to  form  an  indent  in  the  brick 
to  hold  the  mortar.     The  brick-making  composi- 
tion or  material,  or  peat,  turf,  or  small  coals,  or 
other  substance  to  be  operated  upon,   is  then 
filled  into  the  mould  in  suitable  quantity,  and 
over  it  is  inserted  another  pallet  also  perforated, 
and  having  a  projection  upon  it  to  form  an  in- 
dent on  the  other  side  of  the  brick.     Or  plain  iron 
pallets  can  be  used,  which  would  be  the  case  for 
compressing  peat,  turf,  or  small  coal.     Then  the 
iron  plate  e,  shown  detached  Fig.  1336,  which 
gives  the  required  thickness  to  the  brick,  is  put 
on  the  top  pallet.     The  mould  thus  charged  is 
pushed  along  the  table  6  and  brought  under  the 
plunger  «,  and  the  plunger  coming  down  on  the 
top  of  the  iron  ¡Diate  e  powerfully  compresses 
the  contents  of  tbe  mould  and  forms  the 
material  into  a   brick,  or   any  other  form 
desired.     The   plunger  immediately  rises, 
and  the  first  mould  is  pushed  on,  and  the 
plate  c  is  taken  out,  whilst  another  similarly 
charged  mould  is  brought  into  position  to 
receive  the  pressure  at  the  next  descent  of 
the  plunger.     Each  mould  after  passing  the 
moulding  plunger  is  pushed  outwards  until 
it  comes  over  an  opening  in  the  table,  as  at 
c*,  slightly  larger  than  the  inside  of  the 
mould.    While  the  mould  is  resting  on  the 
table    c    it    receives    a 
second  plunger   at  the 
lower  end  of  the  rod/, 
whereby  the   brick  or 
substance  in  the  mould 
is  forced  out  of  it  on  to  a 
palm  g,  which  is  held  up 
against  it  by  a  counter- 
balance weighted  lever 
h    acting    against    the 
lower  end  of  the  vertical 
rod  i.   The  second  plun- 
ger has  a  reciprocating 
vertical  motion  given  to 
it  by  means  of  a  link, 
whereby  it  is  connected 
to  a  rocking  lever  j,  the 
opposite  end  of  which  is 
similarly   connected  to 
the  rod  of  the  first  plun- 
ger   a.      The    finished 
brick  or  substance    in 
the      mould,     together 
with   the   bottom    and 
top  pallets,  remain  on 
the  palm  A,  their  weight 
being  sufficient  to  keep 


m 


BKICK-MAKING  MACHINES. 


657 


an^ 


--¿=---------- 


QC 


U     ruj  ü  on     I  l 


y 


/  it-** v  'v 


til 


the  palm  down.  As  each  brick  or  substance  is  removed  the  palm  h  again  ascends  to  receive  the 
next  brick,  and  the  empty  mould  is  conveyed  away  to  be  refilled.  On  the  same  principle  that  one 
brick  or  substance  is  compressed  in  the  manner  described,  two  or  more  can  be  made  at  one  stroke 
by  using  several  plungers,  and  also  can  be  driven  out  of  the  moulds  by  a  second  set  of  plungers. 

Figs.  1337,  1338,  show  another  arrangement  of  Large's  machine.  The  bricks  made  by  this 
machine  are  not  burnt,  but  merely  mixed,  in  proportions  of  sand  and  cement,  and  pressed  into 
moulds  of  the  required  size  ;  they  are  then  laid  on  the  ground  or  on  shelves  for  forty-eight  hours, 
to  harden,  after  which  they  are  stacked  in  the  open  air,  exposed  to  the  weather,  and  in  fourteen 
days  are  ready  for  use.  These  bricks  increase  in  hardness  for  twelve  months,  after  which  they 
resist  the  action  of  frost,  and  do  not  absorb  moisture.  The  first  patent  for  making  concrete  bricks 
was  that  of  Hustwayte  and  Gibson,  in  1853.  In  1856  L.  D.  Owen  introduced  a  plan  of  making 
concrete  bricks  which  has  been  worked  most  successfully  in  South  Wales.  In  the  town  of  Newport 
many  of  the  houses  are  built  of  these  bricks,  and  one  firm  in  the  town  manufactures  50,000  a  week. 

Thomas  Don,  the  eminent  machinist,  gives  the  following  as  the  result  of  some  experiments  by 
hydraulic  pressure  :—  Showed  ist  flaw.    Crushed  at. 

Tons.  Tons. 

1.  A  stock  brick,  as  ordinarily  made,  cracked  at If  ..      ..       8 

2.  A  compressed  concrete  brick,  composed  of  1  part  cement  audi       -.q  -,g_2 

6  parts  coarse  sand,  14  days  made        J  "      "         lö 

3.  Hand-made  concrete  brick,  1   part  cement,  6  parts  burnt  ballast)         „  ,„  s 

and  hoggin  mixed,  made  7  weeks        . .      . .        / 

4.  A  malm  pa viour,  very  well  made  and  burnt 5     ..      ..     31  jb 

2  u 
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Moulding  of  Bricks. — The  mould,  Fig.  1339,  for  forming  the  bricks  is  -^  to  -^  larger  than  the  size 
of  the  brick  to  be  made,  as  the  clay  shrinks  in  burning. 

Brick-moulds  may  be  made  of  any  hard  wood,  which  should  be  thoroughly  seasoned,  and  the 
edges,  which  wear  very  fast,  should  be  protected  by  a  thin  strip 
of  iron.    Moulds  should  be  frequently  gauged,  especially  when  1339# 

the  brick-makers  find  their  own  moulds,  or  the  bricks  made  will 
vary  very  much  in  thickness.  Brick-moulds  are  now  made 
lined  with  brass,  which  shows  the  importance  attached  to  the 
correct  moulding  of  bricks. 

Two  methods  of  moulding  are  employed,  namely,  slop  and  sand 
moulding.  In  the  former  the  mould  is  dipped  in  water  every  time 
it  is  used  :  in  the  latter  it  is  sprinkled  with  fine  sand,  or  with  ashes 
from  an  old  brick  kiln.  In  either  case  the  brick-earth  should 
not  be  used  too  wet;  and  it  should  be  pressed  carefully  and 
thoroughly,  so  as  to  fill  the  moulds.  The  superfluous  earth  is  then 
removed  by  a  strike,  which  is  a  straight-edge  of  wood  or  metal  passed  along  the  top  of  the  mould, 
and  pressed  well  down  on  its  edges.  Steel  strikes  are  best,  as  wooden  ones  are  cut  by  the  edge  of 
the  brick-mould,  and  then  scrape  away  too  much  of  the  surface  of  the  brick,  thereby  rendering  its 
thickness  irregular. 

Bricks  made  by  hand  are  moulded  on  boards  or  benches  ;  in  India,  mostly  on  the  ground,  which 
should  be  made  as  smooth  and  even  as  possible.  At  Boorkee,  smooth  plastered  terraces  have  been 
used,  the  surface  sprinkled  with  fine  sand  or  ashes.  The  bricks  are  moulded  side  by  side  till  the 
terrace  is  covered  ;  they  are  then  left  on  it  till  dry  enough  to  be  turned  on  edge  without  loss  of 
shape  ;  then,  after  another  short  interval,  stacked,  or,  as  it  is  called,  laid  in  a  hack. 

Drying. — The  bricks  should  be  left  in  stack  until  thoroughly  dry,  as,  if  put  into  the  kilns  damp, 
the  strong  heat  of  the  kiln  will  dry  them  too  suddenly,  and  probably  split  or  partially  disintegrate 
them. 

In  drying  bricks,  they  must  be  protected  from  the  sun,  wind,  rain,  and  frost  ;  and  each  brick 
must  be  dried  uniformly  from  the  surface  to  the  centre. 

Slop-moulded  bricks  are  usually  dried  on  flats  or  on  drying-floors,  where  they  remain  from  one 
day  to  five  or  six,  according  to  the  state  of  the  weather.  When  spread  out  on  the  floor  they  are 
sprinkled  with  sand,  which  absorbs  the  superfluous  moisture,  and  renders  them  less  liable  to  crack 
in  the  sun.  After  remaining  on  the  floors  until  sufficiently  hard  to  handle  without  injury,  they 
are  built  up  into  hacks  under  cover,  where  they  remain  from  one  to  three  weeks,  until  ready  for 
the  kiln.  In  wet  weather  they  are  spread  out  on  the  floor  of  the  drying-shed,  and  great  care  must 
then  be  taken  to  avoid  draughts,  which  would  cause  the  bricks  to  dry  faster  on  one  side  than  the 
other.  To  prevent  this,  boards  set  edgeways  are  placed  all  round  the  shed  to  check  the  currents 
of  air. 

The  ground  required  for  drying  bricks  in  this  manner  is  comparatively  small,  as  they  remain 
on  the  floors  but  a  short  time,  and  occupy  little  space  when  hacked  in  the  hovels.  The  produce 
of  a  single  moulding-stool  by  the  slop-moulding  process  seldom  exceeds  10,000  a  week,  and  the 
area  occupied  by  each  stool  is,  therefore,  small  in  proportion.  Half  an  acre  for  each  kiln  may  be 
considered  ample  allowance  for  the  working  floor  and  hovel. 

In  places  where  brick-making  is  conducted  on  a  large  scale,  drying-sheds  are  dispensed  with, 
and  the  hacks  are  usually  built  in  the  open  air,  and  protected  from  wet,  frost,  and  excessive  heat, 
by  straw,  reeds,  matting,  canvas  screens,  or  tarpaulins. 

Bricks  intended  to  be  clamp  burnt  are  not  dried  on  flats,  but  are  hacked  at  once  on  leaving  the 
moulding-stool,  and  remain  in  the  hacks  much  longer  than  bricks  intended  to  be  kilned.  This  is 
rendered  necessary  by  the  difference  between  clamping  and  kilning.  In  the  latter  mode  of  burning, 
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the  heat  can  be  regulated  to  great  nicety  ;  and  if  the  green  bricks,  when  first  placed  in  the  kiln, 
be  not  thoroughly  dried,  a  gentle  heat  is  applied  until  this  is  effected.  In  clamping,  however,  the 
full  heat  is  attained  almost  immediately,  and,  therefore,  the  bricks  must  be  thoroughly  dried,  or 
they  would  fly  to  pieces. 

We  append  some  useful  directions  and  practical  remarks  on  the  burning  of  bricks,  taken  from 
'  The  Koorkee  Treatise  on  Civil  Engineering,'  edited  by  J.  G.  Medley. 

The  burning  of  bricks  is  an  operation  of  great  nicety,  because  if  not  burnt  enough  they  will  be 
soft  and  worthless,  and  if  overdone,  they  vitrify,  lose  their  shape,  and  often  run  together  so  as 
to  be  inseparable  and  useless.  Various  methods  have  been  adopted  for  producing  the  due  degree 
of  firing.  In  general,  bricks  are  burnt,  both  in  America  and  England,  in  a  brick  kiln  ;  but  in 
London"  the  burning  constantly  takes  place  in  the  open  air,  the  bricks  being  made  up  into 
immense  quadrangular  piles  or  clumps,  consisting  of  from  200,000  to  500,000  bricks  in  each.  In 
India  both  kilns  and  clamps  are  used. 

English  Kiln. — A  brick  kiln,  as  usually  constructed,  is  formed  of  bricks  built  in  a  square  form 
like  a  house,  with  very  thick  side  walls,  and  a  wide  doorway  at  each  end,  for  taking  in  and  carrying 
out  the  bricks  ;  but  these  doors  are  built  up  with  soft  bricks  laid  in  clay,  while  the  kiln  is  burning, 
and  a  temporary  roofing  of  any  light  material  is  generally  placed  over  the  kiln  to  protect  the  raw 
bricks  from  rain  while  setting,  and  so  made  that  it  may  be  removed  after  the  kiln  is  fired.  The 
English  kilns  are  generally  13  ft.  long,  10  ft.  wide,  and  12  ft.  high,  which  size  contains  and  burns 
20,000  bricks  at  once.  Wood  is  the  usual  fuel  used  in  these  kilns,  and  they  are  frequently  built 
with  partitions,  for  containing  the  fuel  and  for  supporting  the  bricks,  in  the  form  of  arches,  as 
will  be  presently  described.  The  bricks  must  be  placed  in  the  kiln  with  great  care,  and  this 
operation  is  called  setting  the  kiln,  and  is  performed  by  one  or  two  men  who  understand  the  busi- 
ness, and  to  whom  the  raw  bricks  are  delivered  in  barrows.  The  form  of  the  setting  is  pretty 
nearly  the  same  in  the  country  kilns  and  in  the  London  clamps,  except  that  in  the  latter  the  arches 
are  much  smaller,  because  wood  is  only  used  for  kindling  and  not  for  burning. 

The  bottom  of  the  kiln,  Fig.  1310,  is  laid  in  regular  rows,  of  two  or  three  bricks  wide,  with  an 


interval  of  two  bricks  between  each,  and  these  rows  are  so  many  walls  extending  lengthwise  of 
the  kiln,  and  running  quite  through  it  ;  they  are  built  at  least  six  or  eight  courses  high,  so  as 
to  give  the  kiln  the  appearance  shown  in  the  figure,  which  is  an  end  view  of  the  kiln.  And 
this  is  permanent  work,  in  kilns  that  have  fire-places  built  in  their  floors,  or  it  has  to  be  formed 
every  time  the  kiln  is  set,  when  it  has  a  flat  bottom.  The  intervals  between  the  walls  are  laid 
first  with  shavings,  or  brushwood,  or  anything  that  will  kindle  easily,  then  with  larger  brushwood 
cut  into  short  lengths,  that  it  may  pack  in  a  compact  manner  ;  and  lastly,  with  logs  of  split  wood. 
This  done,  the  over-spanning  or  formation  of  the  arches  is  commenced  ;  for  this  purpose  every 
course  of  bricks  is  made  to  extend  1£  in.  beyond  the  course  immediately  below  it,  for  five  courses 
in  height,  taking  care  to  skintle  well  behind,  that  is,  to  back  up,  or  fill  up  with  bricks  against  the 
over-spanners.  An  equal  number  of  courses,  on  the  opposite  side  of  the  arch,  is  then  set  as  before, 
and  thus  the  arch  is  formed,  which  is  called  rounding,  and  is  a  nice  and  important  operation,  for 
if  the  arch  fails  or  falls  in,  the  lire  may  be  extinguished,  or  many  of  the  bricks  above  the  arch  may 
be  broken.  The  intermediate  spaces  between  the  arches  are  now  filled  up,  so  as  to  bring  the  whole 
surface  to  a  level,  and  then  the  setting  of  the  kilns 
proceeds  with  regularity  until  it  obtains  its  full 
height.  In  setting  the  kiln,  not  only  in  its  body,  but 
in  the  arches  also,  the  ends  of  the  bricks  touch  each 
other,  but  narrow  spaces  must  be  left  between  the 
Bides  of  every  brick  for  the  fire  to  play  through,  and 
this  is  done  by  placing  the  bricks  on  their  edges, 
and  following  what  is  callod  by  brick-makers  the 
rule  of  three  upon  three,  reversing  the  direction  of 
each  course,  as  shown  in  Fig.  1311.  The  kiln  being 
filled,  the  top  course  is  laid  with  Hat  bricks,  so  disposed  that  one  brick  covers  part  of  three  others- 
which  process  is  called  plaiting. 

Indian  Kiln.— There  are  various  methods  in  practice  in  India  of  filling  and  firing  a  kiln  of  the 
same  construction  as  the  above. 

1st.  Laying  alternate  complete  layers  of  wood  fuel  and  of  bricks,  the  flues  passing  only  5  or 
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6  ft.  into  the  interior  of  the  kiln,  all  the  rest  of  the  floor  being  occupied  by  the  first  layer  of 
fuel. 

2nd.  Arranging  the  bricks  in  a  second  set  of  flues  five  or  six  courses  above  the  first,  and  cross- 
ing them  at  right  angles  ;  and  so  on  with  flues  alternately  in  these  two  different  directions  to  the 
top;  or, 

3rd.  Having,  as  before,  one  series  of  flues  at  bottom,  and  above  alternate  complete  layers  of 
bricks  and  fuel. 

Firing. — The  kiln  being  filled,  the  firing  succeeds,  and  this  is  a  most  delicate  operation,  and 
one  that  requires  much  experience.  The  fuel  is  kindled  under  the  arches,  and  requires  close 
wacthing  and  attendance,  for  being  in  a  large  body,  it  would  bum  violently  and  produce  a  sudden 
heat  such  as  would  crack  and  spoil  the  lowest  bricks.  To  check  the  burning,  the  arch  holes  or 
mouths  are  closed  with  dry  bricks,  or  even  smeared  with  wet  clay,  in  order  to  prevent  the  entrance 
of  air  and  the  rapid  combustion  that  would  ensue.  The  fire  must  be  made  to  smother  rather  than 
burn,  as  in  making  charcoal,  in  order  that  by  its  gentle  heat  it  may  evaporate  the  humidity  that 
remains  in  the  bricks,  and  produce  drying  rather  than  burning.  This  slow  fire  requires  to  be 
kept  up  about  three  days  and  three  nights,  by  occasionally  opening  the  vents  to  supply  air  and 
additional  fuel,  and  closing  them  until  the  fire  gets  up,  as  the  workmen  call  it,  that  is  to  say,  until 
it  has  found  its  way  through  all  the  chinks  and  openings  between  the  bricks,  and  begins  to  heat 
those  at  the  top  of  the  kiln.  To  ascertain  the  progress  of  the  fire,  the  top  of  the  kiln  must  be 
watched,  and  as  soon  as  the  smoke  changes  colour  from  a  light  to  a  dark  hue,  the  drying  is  com- 
plete, and  the  fire  may  be  urged.  The  first,  or  white  smoke,  called  water-smoke,  is  in  fact  little 
else  but  the  steam  of  the  water  while  evaporating,  and  when  that  is  gone,  the  real  smoke  of  the 
fuel  succeeds.  Now  the  vents  may  be  opened  to  admit  full  draught,  and  a  strong  fire  kept  up  for 
from  forty-eight  to  sixty  hours  ;  but  the  heat  must  not  be  white  or  so  strong  as  to  melt  or  vitrify 
the  bricks,  and  whenever  it  appears  to  be  increasing  too  rapidly,  the  vent  must  be  partly  closed. 
By  this  time  the  kiln,  if  it  contains  thirty-five  courses,  will  be  found  to  have  sunk  about  9  in.  ; 
but  the  stronger  the  clay  the  more  it  will  shrink,  and  it  is  by  this  sinking  that  the  workman  knows 
when  the  kiln  is  sufficiently  burnt.  The  experience  of  burning  a  few  kilns  will  show  how  much 
the  clay  of  that  particular  place  yields  to  the  firing.  When  it  is  thus  ascertained  that  the  kiln  is 
ready,  the  vent-holes,  and  all  other  chinks  through  which  air  can  enter,  are  carefully  stopped  with 
bricks  and  clay.  In  this  state  it  remains  until  the  bricks  are  cold  enough  to  be  taken  down,  when 
they  are  distributed  for  use. 

From  the  nature  of  the  above  process  it  will  be  evident  that  bricks  of  very  different  qualities 
must  be  found  in  the  same  kiln  ;  for  as  the  fire  is  all  applied  below,  the  lower  bricks  in  its  imme- 
diate vicinity  will  be  burnt  to  great  hardness,  or  perhaps  vitrified  ;  those  in  the  middle  will  be 
well  burnt  ;  and  those  at  the  top,  which  are  not  only  most  distant  from  the  fire,  but  more  exposed 
to  the  open  air,  will  be  too  little  burned  ;  consequently,  if  they  can  be  used,  they  must  be  reserved 
for  inside  work  that  is  not  exposed  to  the  weather,  or  they  will  soon  fail  and  crumble  to  pieces. 

English  Clamp. — In  the  English  method  of  open  clamp  burning,  without  any  kiln,  the  piling  and 
disposition  of  the  bricks  is  the  same  as  above  described,  except  that  the  bottom  arches  are  much 
smaller,  as  they  are  only  intended  to  contain  bruáhwood  to  produce  the  first  kindling,  and  not  for 
the  future  supply  of  fuel.  No  fuel  is  used  except  the  breeze  cinders  and  small  coal,  and  this  is 
distributed,  by  means  of  a  sieve  with  wires  about  half  an  inch  apart,  over  every  course,  as  it  is 
laid  near  the  bottom,  and  over  every  alternate  course,  or  every  third  course  higher  up  in  the  kiln. 
The  first  layers  of  this  fuel  are  from  1  in.  to  1|  in.  in  thickness ,  but  they  diminish  as  they  ascend, 
because  the  action  of  the  heat  is  to  ascend  ;  consequently,  there  is  not  the  same  necessity  for  fuel 
in  the  upper  as  in  the  lower  part  of  the  kiln.  The  brushwood  m  the  bottom  ignites  the  lower 
stratum  of  fuel,  and  from  the  nature  of  its  distribution,  the  vertical  as  well  as  horizontal  joints 
will  be  filled  with  it  and  thus  the  fire  gradually  spreads  itself  upwards,  and  the  whole  clamp  is 
nothing  but  a  mass  of  bricks  and  burning  fuel.  The  heat  is  therefore  much  more  generally  dis- 
tributed throughout  the  whole  mass,  and  in  order  to  confine  it,  the  entire  outside  of  the  clamp  is 
thickly  plastered  with  wet  clay  and  sand,  the  bottom  holes  being  opened  or  shut,  as  occasion  may 
require,  for  regulating  the  draught  of  air. 

Notwithstanding  the  heat  is  much  more  equally  distributed  throughout  this  form  of  kiln,  yet 
the  outside  bricks  all  around  receive  very  little  advantage  from  the  fire,  and  are  never  burnt  ;  but 
being  on  the  outside  they  are  easily  removed,  and  are  reserved  for  the  outside  casing  of  the  next 
clamp  that  may  be  biúlt  ;  and  being  then  turned  with  their  unbaked  sides  inwards,  some  of  them 
become  available.  On  taking  down  the  clamp,  the  bricks  are  assorted  into  three  separate  parcels 
or  varieties,  according  to  their  perfection  and  goodness.  Those  that  are  burnt  very  hard  and  have 
not  lost  their  figure  or  shape,  may  be  selected  for  arches.  The  main  body  of  well-burnt  bricks  are 
called  stocks,  and  those  which  are  imperfectly  burned  are  called  place  bricks. 

These  several  varieties  of  brick  have  each  a  separate  price,  the  best  being  worth  twice  as  much 
as  the  worst.  If  the  fire  "has  not  been  carefully  attended  to,  and  has  been  permitted  to  get  too 
violent,  some  of  the  lower  bricks  will  become  distorted  by  partial  fusion,  and  may  fuse  and  adhere 
together,  when  they  are  called  clinkers,  and  are  useless  for  building  purposes,  but  form  an  excel- 
lent road  material. 

A  coal  clamp  of  100,000  bricks  rarely  burns  out  under  a  month.  There  is  a  great  saving  of 
fuel  in  burning  large  clamps  but  where-  time  is  an  object,  small  clamps  ought  to  be  made.  The 
bricks  ought  not  to  be  opened  out  before  they  are  thoroughly  cool,  as  they  are  apt  to  crack  by  tho 
breeze  playing  upon  them  when  hot.  The* amount  of  coal  to  be  used  depends  upon  the  quality  of 
the  fuel,  and  the  degree  of  hardness  to  which  it  is  wished  to  burn  the  bricks.  Six  hundred  and 
fifty  or  seven  hundred  maunds  of  moderately  good  coal  ought  to  be  sufficient  to  burn  100,000 
bricks  ;  a  great  deal,  however,  depends  also  upon  the  clay  ;  a  light  sandy  clay,  such  as  is  found 
by  river  sides,  takes  less  fuel  than  a  hard,  strong  clay. 

A  maund  is  an  Indian  weight,  varying  in  different  localities  from  24  to  about  82  lbs.  avoirdupois. 
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The  Madras  maund  is  24  or  25  lbs.  ;  the  Bombay  maund  28  lbs.  ;  the  Surat  maund  41  lbs.  ;  and 
the  bazaar  maund  82f  lbs.  '     .  . 

In  London,  close  instead  of  open  clamps  are  employed,  no  spaces  being  lett  between  the  bricks. 
Each  brick  contains  in  itself  the  fuel  necessary  for  its  vitrification  ;  the  breeze  or  cinders  serving 
only  to  ignite  the  lower  tiers  of  bricks,  from  which  the  heat  gradually  spreads  over  the  whole 

("MÌìTTÌT") 

Indian  Clamp.— The  native  clamp,  or  pajáwah,  is  an  arrangement  for  brick-burning  in  the  open 
air  somewhat  resembling  the  English  clamp.  The  bricks  and  fuel  are  laid  alternately,  the 
former  in  courses  of  four  or  five  bricks,  the  latter  of  2  or  %\  ft.  in  thickness,  the  proportion  of  fuel 
beine*  diminished  towards  the  top.  The  whole  is  generally  built  with  one  side  abrupt  and  nearly 
vertical,  and  with  a  long  slope  on  the  other.  The  fuel  consists  of  dry  grass,  wooden  chips,  khdt 
(manure),  koorah  (litter,  miscellaneous  dry  sweepings),  and  oopla  (dried  cow-dung),  and  very  gene- 
rally a  layer  of  wood  under  all. 

The  form  of  the  pajáwah  is  generally  triangular  ;  its  floor  smooth  and  sloping  at  an  angle  of 
15°  being  lowest  at  the  angle,  where  it  is  lighted.  The  upper  surface  slopes  at  an  angle  of  about 
30°'  in  the  direction  of  its  length. 

The  following  is  a  note  on  brick-burning  in  pajáwahs,  by  Lieut.  J.  Finn,  formerly  Executive 
Officer  of  Materials  at  Eoorkee  : — The  quantity  of  fuel  used  in  the  Hindoostanee  kilns  at  and  near 
Eoorkee  is  about  6  in.  thicker  than  the  layer  of  bricks  placed  over  it  ;  that  is  to  say,  if  the  fuel  is 
3  ft.  in  thickness,  the  layer  of  bricks  placed  on  the  top  of  it  should  be  2|  ft.  or  five  bricks  high  ; 
each  brick  being  6  in.  wide.  A  kiln  now  being  filled  at  Eoorkee  has  a  layer  of  wood  about  1  ft. 
deep  all  along  the  bottom,  but  none  in  the  second  or  third  tiers,  excepting  a  small  quantity  at  the 
mouth  of  the  kiln  to  ensure  its  speedy  ignition.  When  the  kiln  is  ready  for  firing,  about  1  ft.  in 
thickness  of  fuel  is  spread  all  over  its  top,  and  over  that  1  ft.  of  ashes. 

The  under-mentioned  quantity  of  fuel  will  burn  one  lakh  of  bricks  in  a  native  kiln,  namely, 
325  2-bullock  cart  loads  of  khát,  750  maunds  of  oopla,  and  100  maunds  of  fire-wood. 

Once  a  kiln  is  filled,  covered  over  on  the  top  with  ashes,  and  fired,  it  is  not  liable  to  injury 
from  high  strong  wind  ;  nor  will  a  heavy  fall  of  rain  harm  a  kiln  when  in  the  above-mentioned 
state. 

The  size  of  bricks  used  in  masonry  works  of  the  Northern  Division,  Ganges  Canal,  is 
12  x  6  x  2|  in. 

The  sooner  a  Hindoostanee  kiln  is  fired  the  better.  When  about  one-third  filled,  the  kiln 
ought  to  be  lighted,  for  the  fire  will  burn  quicker  and  more  equably  before  the  fuel  becomes  com- 
pressed and  partly  decayed  than  it  would  otherwise. 

The  fuel  used  in  a  pajáwah  consists  of  all  kinds  of  combustible  refuse  of  towns  and  villages, 
and  oopla  and  dung  made  into  cakes  well  dried  in  the  sun.  Oopla  and  huddy  khuddy  (bones  and 
pigs' dung)  have  been  weighed  before  being  put  into  kiln;  of  the  former,  from  1500  to  1800 
maunds  ;  of  the  latter,  from  300  to  600  maunds  ;  and  about  6000  maunds  of  koorah  (village  refuse) 
are  required  for  one  lakh  of  bricks.  Small  quantities  of  wood  have  sometimes  been  put  into  kilns, 
but  it  proved  disadvantageous,  and  the  use  of  wood  and  koorah  conjointly  is  injurious. 

The  time  occupied  in  loading  a  kiln  varies  from  two  to  three  months  for  each  lakh.  Experience 
has  convinced  brick -makers  in  India  that  the  sooner  a  kiln  is  fired  the  better.  The  rule  is  that 
when  40,000  or  50,000  bricks  were  piled  into  the  kiln,  it  should  be  lighted  ;  the  progress  of  the  fire 
being  slow,  any  number  of  bricks  can  be  piled  afterwards. 

Figs.  1342  to  1344  show  sections  of  a  brick  clamp  as  burnt  by  Captain  Sage.  Contents  of 
kiln,  Fig.  1342  : — Small  wood  and  chips,  600  maunds  ;  coal  in  layers,  750  maunds  ;  bricks,  206,000. 
Contents  of  kiln,  Fig.  1343  :— 75,000  bricks  ;  1185  maunds  of  wood. 


1342. 
Burnt  with  coal  at  Bhoorsoot. 


bricks  flat. 


Ground  Plan  similar  to  that  of  Fig.  1343. 
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Burnt  with  wood  at  Julapoor, 


Plan  of  Chulahs. 


Various  experiments  were  made  in  Bengal,  and  the  result  published  by  the  Military  Board, 
in  1827  and  1828,  on  the  burning  bricks  in  clamps,  both  with  wood  and  coal.  The  clamps  were 
built  with  flues  as  described  in  the  English  kilns,  but  smaller,  and  filled  with  well-dried  chips  or 
brushwood.  For  the  fuel  above  the  flues,  green  wood  was  preferred,  as  retarding  the  fire  ;  wood- 
loaded  kilns  generally  burning  too  rapidly,  and  causing  great  loss  by  vitrifying  the  bricks  in 
the  centre.  The  wood  was  split  up  into  pieces  not  exceeding  4  or  5  in.  in  thickness,  and  so 
arranged  as  to  leave  level  surfaces,  for  the  layers  of  bricks  to  be  laid  upon.  The  flues  were  2  ft. 
high  and  9  in.  wide,  with  three  bricks  laid  flat  on  them,  having  narrow  intervals  to  allow  of  the 
fire  ascending  from  the  flues.  The  clamps  were  finished  with  alternate  layers  of  brick  and  fuel, 
the  bricks  being  laid  touching  each  other  throughout,  the  interstices  formed  by  their  contraction 
under  the  great  heat  being  sufficient  to  ensure  the  firing  of  the  upper  layers  of  fuel.  The  sides 
of  the  clamp  were  then  built  up  with  mud  and  broken  bricks,  well  plastered  with  mud  to  exclude 
the  air. 

Besides  the  advantage  of  cheapness,  coal  is  shown  to  be  in  many  other  respects  superior,  as 
fuel,  to  wood  ;  the  space  occupied  by  it  between  the  layers  of  brick  is  so  much  smaller,  that  the 
clamp  sinks  much  less,  and  its  outer  casing  is  less  deranged.  The  wind  which  interferes  with 
the  gradual  and  equable  process  of  the  fire  is  thus  better  kept  out.  The  loss  by  breakage  is  like- 
wise much  less,  and  the  bricks  from  being  burnt  more  slowly  are  more  compact.  The  coal  should 
be  broken  into  pieces  not  exceeding  1  in.  in  diameter.  In  kilns,  likewise,  coal  must  have  like 
advantages  over  wood  except  as  regards  the  greater  displacement  of  the  casing  of  the  clamps  ;  the 
permanent  walls  of  kilns  not  being  liable  to  this  contingency.  Kiln  walls  may  be  built  of  bricks 
plastered  with  mud,  and  repaired  with  the  same  material  from  time  to  time  ;  they  should  slope  on 
the  outside  about  1  ft.  in  5. 

Another  construction,  by  Capt.  Bell,  Figs.  1345,  1346,  seems  well  adapted  to  prevent  the 
sinking  of  kilns  when  wood  is  used  as  fuel.  The  wood  is  everywhere  contained  in  flues,  crossing 
each  other  at  right  angles,  the  walls  of  which  are  supported  by  layers  of  bricks  on  edge,  completely 
covering  the  area  of  the  kiln. 

The  ground  layer  of  four  flat  bricks  being  laid  with  equidistant  flues,  they  are  filled  up  with 
light  wood  and  dry  chips,  over  which  two  bricks  are  laid  flat  ;  on  this  is  formed  a  second  set 
of  flues,  running  across  the  ground  flues,  and,  after  filling  up  between  the  flues  with  wood,  the 
whole  area  is  built  over  with  three  bricks  on  edge,  the  length  of  the  bricks  running  in  the  same 
direction  with  the  flues  and  wood.  The  full  height  is  formed  by  an  alternation  of  flues  and  solid 
masses  of  bricks,  as  shown  in  Fig.  1346.  Two  rows  of  bricks  laid  flat  seem  to  be  requisite  above 
each  set  of  flues,  to  prevent  the  bricks  on  edge  from  falling  into  them,  whilst  the  fuel  is  being 
consumed. 

To  close  the  clamp,  extend  the  flue  opening  as  at  a,  Fig.  1345,  one  brick  in  length,  and  cover 


Brick  Clamp  burnt  by  Captain  Bell  at,  Burdwan. 
1  brick  flat.' 


Cross-Section. 


Longitudinal  Section. 
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it  with  two  flat  bricks.  Then  build  up,  with  one  brick  breadth-ways,  the  outer  coating  as  at  g 
(with  half-dried  bricks,  or  any  kind),  over  which  straw  (well  wetted)  is  laid  on  the  slope  from  the 
top  downwards,  giving  it  a  good  coat  of  mud  plaster.  The  mud  should  not  be  thickly  laid  on,  but 
well  rubbed  into  the  grass.  If  thick,  the  heat  of  the  fire  and  sun  makes  it  peel  off  and  admit  the 
air  before  the  fire  has  gone  through  the  kiln. 

'One  great  error  appears  to  consist  in  putting  large  masses  of  wood  into  the  upper  tier  flues  :  it 
is  thus  that  so  much  material  becomes  vitrified.  The  ground  flues  ought  to  be  filled  (but  not 
choked)  with  good  dry  fuel  intermixed  with  chips,  so  as  to  communicate  quickly  through  the 
whole.  The  wood  of  the  first  tier  should  be  reasonably  large,  with  some  small  pieces  or  chips  ; 
and  in  every  higher  tier  in  succession  they  should  be  less  in  size  as  well  as  in  quantity  ;  because,  as 
all  the  fire  and  heat  rise  from  below,  the  higher  tier  has  the  advantage  of  all  the  foregoing  flue  fires 
in  addition  to  its  own.  Previous  to  its  ignition,  too  many  bricks  should  not  be  piled  above  wood, 
however  great  the  quantity  of  the  latter,  or  they  will  be  irregularly  burnt  and  much  fuel  wasted. 

See  Bond.     Bond-Couese.    Beickwoek.    Consteuction.    Kiln.     Stone,  Artificial. 

Works  and  Papers  relating  to  Brick-making: — Brughat,  'L'Art  du  Briquetier,'  2  vols.,  1861. 
Dobson  (E.),  '  On  Bricks  and  Tiles,'  1868.  Medley  (F.  G.),  'Roorkee  Treatise  on  Civil  Engineer- 
ing.'   Papers  by  Clift,  Fothergill,  and  others,  in  the  '  Trans.  Inst.  Mechanical  Engineers.' 

BEICKWOEK.  Fe.,  Maçonnerie  de  briques  ;  Gee.,  Mauerarbeit,  Ziegelwerk  ;  Ital.,  Mattonato; 
Span.,  Enladrillado. 

A  term  used  in  the  art  of  construction  to  denote  the  combination  of  bricks  with  mortar  or 
cement. 

Architects  and  surveyors  in  the  neighbourhood  of  London  adopt  as  their  standard  of  measure- 
ment for  brickwork  the  square  rod  of  272  ft.  superficial,  reduced  to  a  thickness  of  1£  brick.  In  the 
provinces  and  by  civil  engineers  the  cubic  yard  is  more  commonly  used. 

A  rod  of  reduced  brickwork  of  four  courses  to  the  foot  in  height  requires  4356  bricks,  and  a 
cubic  yard  requires  384  bricks.  When  the  mortar-joints  are  limited  to  J  of  an  in.  in  thickness, 
the  rod  of  brickwork  contains  258  ft.  cube  of  bricks  and  48  ft.  cube  of  mortar  ;  the  cubic  yard 
contains  22£  ft.  cube  of  bricks  and  4|  ft.  cube  of  mortar.  When  the  joints  are  f  of  an  in.  in 
thickness,  the  rod  of  brickwork  contains  235  ft.  cube  of  bricks  and  71  ft.  cube  of  mortar  ;  the 
cubic  yard  contains  20|  ft.  cube  of  bricks  and  6J  ft.  cube  of  mortar. 

The  proportions,  in  general,  of  bricks  and  mortar  in  any  given  quantity  of  brickwork  vary 
according  to  the  size  of  the  bricks  and  the  thickness  of  the  mortar-joints.  In  practice,  3  cubic 
yards  of  mortar  arc  allowed  to  a  rod  of  brickwork,  and  36  bushels  of  Roman  cement  with  an  equal 
quantity  of  sand  ;  but  when  Portland  cement  is  used  there  should  be  allowed  about  38  bushels  of 
cement  to  an  equal  quantity  of  sand.  When  the  proportions  of  Portland  cement  to  sand  are  to  be 
as  1  to  2,  25  bushels  of  the  former  and  50  of  the  latter  will  be  required  for  a  rod  of  brickwork. 
J  26  gallons  of  water  are  usually  allowed  to  a  rod  of  brickwork  to  slake  the  lime  and  mix  the 
mortar.  Cement  requires  rather  more  water,  particularly  Roman  cement,  which  absorbs  it  very 
rapidly. 

The  weight  of  bricks  varies  considerably,  some  weighing  only  5  lbs.  and  others  1\  lbs.,  and  in 
some  cases  as  much  as  9  lbs.  each.  For  the  purpose  of  calculation,  however,  the  weight  of  a  rod 
of  brickwork  just  built  may  be  taken  at  16  tons,  which  will  probably  be  reduced  to  15  tons  when 
the  work  becomes  thoroughly  dry. 

Borne  bricks  are  very  porous,  and  will  absorb  more  than  one-fifth  of  their  weight  of  water,  if 
immersed  in  it  soon  after  their  withdrawal  from  the  kiln.     When  bricks  are  exposed  to  the  rain, 
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which  is  usually  the  case  when  stacked  for  building,  they  take  up  a  large  quantity  of  water,  which 
they  never  entirely  part  with.  Ordinary  London  stocks  absorb  about  one-fifteenth  part  of  their 
weight  of  water  in  the  process  of  building,  most  if  not  all  of  which  they  lose  again  by  evaporation. 

Brickwork  built  with  Portland  or  Koman  cement  requires  a  weight  of  about  30  tons  a 
superficial  foot  to  produce  fracture  by  compression  ;  and  when  built  with  blue  lias  lime  mortar 
thoroughly  set,  it  requires  about  20  tons.  When  Portland  cement  is  used,  fracture  almost 
invariably  takes  place  in  the  bricks  ;  but  with  Eoman  cement,  particularly  when  used  with  much 
sand,  fracture  sometimes  occurs  in  the  cement  itself,  and  still  more  frequently  when  mortar  is  the 
cementing  material — a  result  naturally  to  be  expected  from  a  consideration  of  their  relative  degrees 
of  strength.     See  Construction. 

BBICK-NOGGLNG.  Fe.,  Remplissage  de  briques  d'un  châssis  de  charpente;  Ger.,  Füllmauer- 
werk ;  Ital.,  Muratura  di  riempimento. 

Brick-nogging  or  brick-nog  partition,  is  a  description  of  walling  consisting  of  brickwork  and 
timber.  It  is  usually  made  of  the  width  or  thickness  of  a  brick,  and  is  framed  similar  to  a  wood 
partition,  the  quarters  or  studs  being  2  or  3  ft.  apart,  with  brickwork  filled  in  between  them  ; 
horizontal  pieces,  called  nogging-pieces,  are  also  laid  in  regular  tiers  between  every  two  courses  of 
bricks.  Although  brick-nogging  does  not  add  to  the  strength  of  a  partition,  it  is  some  little 
security  against  fire. 

BRICK-TRIMMER.  Fr.,  Fnchévêtruve  de  briques  d'une  cheminée;  Ger.,  Gurt  bogen  im  Kamin; 
Ital.,  Arco  di  mattoni. 

Brick-trimmer  is  the  term  applied  to  a  brick  arch  abutting  against  the  wood  trimming  just  in 
front  of  a  fire-place,  and  used  to  support  the  hearth.     See  Fig.  271,  p.  121. 

BEIDGE.     Fb.,  Pont  ;  Geb.,  Brücke  ;  Ital.,  Ponte  ;  Span.,  Puente. 

Bridges  are  structures,  usually  of  wood,  stone,  brick,  or  iron,  erected  over  rivers  or  other 
watercourses,  or  over  ravines  or  railroads,  to  make  continuous  roadways  between  banks. 

A  draw-bridge  is  a  bridge  so  constructed  that  a  part  of  it  may  be  temporarily  removed,  or 
drawn  aside,  to  allow  the  passage  of  vessels  ;  called  also  a  swing-bridge,  or  bascule-bridge,  when  the 
part  which  opens  turns  laterally  on  a  centre  or  end  pivot.  In  mathematics  and  mechanics  the 
terms  laterally,  lateral,  and  laterality,  or  the  quality  of  having  distinct  sides,  are  often  misapplied. 
Lateral,  as  an  adjective,  signifies  proceeding  from,  or  attached  to,  the  sides  ;  as,  the  lateral  branches 
of  a  tree  ;  lateral  shoots  ;  or  as  an  adjective  this  term  may  signify,  directed  to  the  side  ;  as,  the 
lateral  view  of  an  object.  Sometimes,  in  mathematics,  an  equation  of  the  first  degree  is  designated 
as  a  lateral  equation.  In  mechanics,  lateral  pressure  or  stress  is  a  pressure  or  stress  at  right  angles 
to  the  length,  as  of  a  beam  or  bridge;  distinguished  from  longitudinal  pressure  or  stress.  And 
lateral  strength  is  that  strength  which  resists  a  tendency  to  fracture  arising  from  lateral 
pressure. 

In  the  sequel,  we  treat  of  the  construction  and  mechanical  requirements  of  Draw,  Girder, 
Lattice,  Truss,  Tubular,  Flying,  Suspension,  Skew,  and  Trestle  bridges  ;  after  we  have  examined  the 
nature  and  actions  of  pressures,  thrusts,  and  tensions. 

Equilibrium  of  Pressures,  Thrusts,  and  Tensions  ; — Forces. — Anything  which  cannot  be  presented 
to  the  senses  must  be  represented  conventionally,  or  no  idea  of  it  can  be  entertained  by  the  mind. 
We  have  no  objection  to  represent  the  magnitudes  and  directions  of  forces,  velocities,  pressures, 
thrusts,  and  tensions  by  straight  lines  of  different  lengths,  and  in  different  positions  ;  but  we 
object  to  the  careless  manner  in  which  writers  on  mechanics  represent  forces,  pressures,  velocities, 
&c,  by  straight  lines,  triangles,  and  parallelograms,  out  of  all  proportion,  and  often,  too,  without 
the  least  regard  to  the  action,  direction,  or  nature  of  the  force  considered.  In  the  article  on 
Boilers,  p.  425,  we  gave  a  conventional  signification  to  the  areas  of  plane  figures,  but  in  the 
present  article  the  sides  and  angles  of  triangles,  parallelograms,  and  other  plane  figures  are 
employed  to  give  an  idea  of  mechanical  operations  and  combinations,  where  the  principle  of  work 
does  not  apply,  as  rest  and  not  motion  is  here  principally  considered. 

When  comparing  graphically  the  action  of  statical  forces,  it  would  be  convenient  to  put  a  split 

arrow  {77m — -)  to  designate   the  directions  of  tensions,  the  arrow  without  feathers   ( -» 

to  point  out  the  directions  of  thrusts,  while  the  complete  arrow  (H§ — >)  might  be  applied  to  forces 

in  general.    If  three  forces  P,  Q,  R,  Fig.  1347,  be  represented  by  the  abstract  numbers,  6,  4,  3, 

respectively,  then  if  A  B  C  be  a  triangle  whose  side 

A  C  =  6,  A  B  =  4,  BC  =  3,  equal  parts  taken  from    "* 

any  scale  of  equal  parts;    let  P  O  be  a  tension  equal 

and  parallel  to  A  C,  Q  O  a  tension  equal  and  parallel 

to  A  B,  B  O  a  tension  equal  and  parallel  to  B  C  ;  these 

three  tensions  will  keep  the  point  O  at  rest.     Three 

thrusts  represented  by  three  lines  P  O,  O  Q,  O  E,  whose 

lengths  are  as  6,  4,  and  3,  respectively,  and  parallel  to 

the  sides  of  the  triangle  ABC,  will  also  keep  the  point 

O  at  rest.     Take  A  T  equal  and  parallel  to  B  0,  then 

the  two  thrusts  represented  in  magnitude  and  direction 

by  the  lines  TA,  B  A,  and  the  tension  represented  in 

magnitude  and  direction  by  the  line  A  C,  will  keep  the 

point  A  at  rest.     Again,  if  B  S  be  equal  and  parallel 

to  A  C,  tensions  represented  by  A  B,  B  S,  and  a  thrust, 

C  B,  will  keep  the  point  B  at  rest. 

Let  PA,  Q  R,  Fig.  1348,  be  a  parallelogram,  if 
PA,  QA,  represent  the  magnitudes  and  directions 
of  two  forces,  two  pressures,  two  thrusts,  two  tensions,  or  two  velocities  acting  on  the  material 
point  A;  then  the  diagonal  E  A  will  represent  the  magnitude  and  direction  of  a  single  force, 
pressure,  thrust,  or  tension,  equivalent  to  the  operations  represented  by  the  lengths  and  directions 
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of  P  A  and  Q  A.    Such  imaginary  parallelograms  form  a  great  portion  of  the  stock-in-trade  of 
writers  on  mechanics.     We  have  introduced  Figs.  1347  to  1351  to  illustrate  the  manner  in  which 
the  different  forms  of  arrows  may  be  applied  with  advantage.      The  properties 
pointed  out  in  Fig.  1347  depend  upon  the  truth  asserted  of  the  parallelogram 
PAQK,  Fig.  1348,  which  we  will  prove  presently. 

The  principle  of  sufficient  reason  ;  first  employed  by  Archimedes  in  demonstrating 
the  fundamental  propositions  of  mechanics. — Let  P  and  Q,  Fig.  1349,  be  two  equal 
forces  acting  in  the  same  plane  on  the  rigid  perpendicular  prop  A  E,  the  point 
R  fixed  ;  further,  let  these  forces  P,  Q,  make  equal  angles,  SAD,  SAB,  with 
the  prop  AR,  which  may  turn  to  the  right  or  left  round  the  fixed  point  R. 
But  as  the  forces  P  and  Q  and  the  angles  BAS  and  DAS  are  also  equal,  there  F 
is  no  reason  why  the  post  A  R  will  turn  to  the  right  or  left  ;  hence  it  will  stand, 
and  the  two  tensions  will  be  neutralized  by  the  perpendicular  thrust  of  the  post  A  R.  This  we  call  a 
mechanical  demonstration,  and  the  principle  applied  the  principle  of  sufficient  reason.  For  there  is  no 
reason  why  the  post  under  consideration  should  fall  to  one  side  more  than  another,  hence  we  conclude 
it  will  fall  to  neither  side.  Let  A  B  C  D  be  a  parallelogram  whose  sides  are  all  equal  ;  if  the  length 
of  the  line  A  B  be  taken  to  represent  the  magnitude  of  the  force  Q,  then  A  D  will  truly  represent 
the  force  P  ;  and  two  other  equal  forces,  V  and  U,  applied  to  the  point  C,  represented  in  magnitude 
and  direction  by  the  lines  CD,  C B,  will  counteract  the  forces  P  and  Q  the  same  as  the  post  A R, 
the  diagonal  A  C  being  rigid.  The  principle  of  sufficient  reason  applies  here  as  in  the  former 
case.  It  is  evident  that  any  number  of  equal  forces  may  be  applied  in  the  directions  of  the 
arrows,  P  =  Q  =  V  =  TJ,  without  disturbing  the  form  of  the  equal-sided  parallelogram  A  B  C  D, 
or  the  position  of  the  rigid  diagonal  A.  The  abstract  truth  of  the  parallelogram  of  forces, 
thrusts,  tensions,  pressures,  or  velocities  may  be  established  by  reasoning  as  follows:  Let  AB  CO 
be  a  parallelogram  ;  when  its  sides  can  be  expressed  by  numbers,  it  may  be  divided  into  small 
parallelograms,  the  sides  of  which  are  all  equal  to  one  another.  We  have  selected  a  very  simple 
case,  and  taken  00=4  equal  parts  and  A  O  =  3  of  the  same  parts.  Let  the  force  P  be  to  the 
force  Q  as  m  to  n  ;  in  the  present  example,  P  :  Q  :  :  4  :  3. 
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The  forces  P  and  Q  applied  to  the  material  point  O  in  the  direction  O  C,  O  A,  may  evidently 
be  represented  by  the  lines  O  C,  O  A  ;  if  a  new  set  of  forces,  represented  by  the  small  parallelo- 
grams, be  introduced  as  represented  by  the  arrows  in  the  figure,  the  combined  action  of  the  forces 
P  and  Q  will  not  be  interfered  with,  nor  will  the  equilibrium  of  the  figure  be  disturbed.  Take, 
for  example,  the  small  equal-sided  parallelogram  D  E  T  L,  and  for  a  moment  suppose  the  diagonal 
D  T  rigid  ;  then  the  principle  of  sufficient  reason  applies  to  the  forces  introduced,  and  no  disturbance 
takes  place.  Let  us  now  view  these  forces  under  another  aspect.  The  forces  along  the  sides  of 
the  small  parallelograms  on  the  line  C  O  are  equal  to  the  force  P,  but  in  a  contrary  direction,  and 
hence  destroys  it.  The  forces  represented  on  the  line  9,  10,  also  destroy  one  another.  This  may 
be  said  of  the  forces  on  the  line  7,  8  ;  but  the  forces  on  the  line  A  B  are  not  neutralized,  and  are 
exactly  equal  to  the  force  P,  but  applied  to  the  point  B  in  the  diagonal  O  B.  Again,  the  forces 
along  the  sides  of  the  small  parallelograms  on  the  line  A  O  are  equal  to  the  force  Q,  but  in  a  con- 
trary direction,  and  hence  may  be  said  to  destroy  it.  The  forces  pointed  out  by  the  arrows  on  the 
line  1,  2,  also  neutralize  one  another;  the  same  may  be  said  of  the  forces  supposed  to  be  intro- 
duced on  the  line  3,  4,  and  so  on,  until  we  arrive  at  the  forces  pointed  out  on  the  last  line  B  C, 
which,  together,  are  exactly  equal  to  the  force  Q,  but  applied  to  the  point  B  in  the  diagonal  O  B. 
According  as  the  equal  parts  be  long  or  short,  the  point  B  will  change  its  position  ;  but  it  will 
always  bo  in  the  diagonal  O  Z,  and  the  forces  a  +  b  +  c  +  d  =  P  and  g  +  f  +  e  =  Q  will  in  all 
cases  have  their  resultant  position  in  the  diagonal  O  Z.  Had  we  supposed  the  force  P  to  be 
divided  into  1000  equal  forces,  O  C  would  be  represented  by  1000  equal  parts,  and  O  A  =  Q  would 
then  be  composed  of  750  such  parts,  and  our  reasoning  on  the  750000  equilateral  small  parallelo- 
grams efforces  would  result  in  the  same  conclusion.  The  equilibrium  of  forces  and  pressures  may 
be  illustrated  in  a  practical  way  by  a  simple  mechanical  contrivance,  represented  in  Fig.  1351, 
easily  cf instructed.  Suppose  P  Q  R  to  be  a  slate  or  board  rolling  freely  upon  three  equal  spherical 
balls  placed  on  ¡i  horizontal  table  ABC.  If  any  three  points,  P,  Q,  R,  be  taken  in  the  surface 
of  the  plane  movable  ou  the  balls,  and  cords,  A  P,  B'Q,  CR,  be  attached,  passing  over  the  pulleys, 
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with  a  different  amount  of  weight  attached  to  the  other  ends — the  ends  with  the  weights  attached 
are  not  represented  in  the  cut — the  board  P  Q  R  will  roll  upon  the  balls,  and  ultimately  come  to 
rest  upon  the  table  ABC,  where  the  three  forces  destroy  each 
other.  When  this  experiment  is  carefully  made,  it  will  be  found 
that  the  directions  of  the  forces  A P,  BQ,  CR,  meet  in  the  same 
point  O.  Again,  from  any  scale  of  equal  parts  take  O  r  —  the 
pounds  in  the  force  drawing  the  cord  Q  B,  and  from  the  same  scale 
of  equal  parts  lay  off  O  a  =  the  pounds  drawing  the  cord  R  C  ; 
then,  if  the  parallelogram  Orsa  be  constructed,  the  diagonal  O  s 
will  be  in  the  direction  of  the  third  force  acting  over  the  pulley  A. 
It  will  be  further  found  that  the  units  of  length  in  O  s,  the  dia- 
gonal, will  =  the  weight  or  force  acting  by  the  cord  A  P. 

If  O  a  =  22  equal  parts,  O  r  =  28,  and  O  s  =  26,  all  measured 
on  the  same  scale  of  equal  parts,  then,  if  7  lbs.  be  attached  to  the 
cord  Q  B,  and  5§  lbs.  to  the  cord  R  C,  a  weight  of  6 J  lbs.  must  be 
attached  to  the  cord  A  B  to  maintain  this  equilibrium.  When 
forces  are  thus  represented  by  a  parallelogram,  as  Orsa,  the  forces 
represented  by  the  sides  are  called  the  component  forces,  while 
the  force  represented  by  the  diagonal  is  denominated  the  resultant.  Another  experiment  may  be 
instituted  to  determine  the  intensity  of  forces  by  this  simple  apparatus.  Instead  of  three  forces 
being  applied' to  the  board,  let  there  be  any  number;  and  suppose  H  to  be  any  point  taken  in  the 
movable  plane  P  Q  R,  and  from  H  let  fall  perpendiculars  H  n,  H  m,  H/,  and  so  on,  in  the  direc- 
tions, or  directions  produced,  of  the  forces.;  then  the  units  of  length,  taken  from  any  scale  of  equal 
parts,  multiplied  by  the  pounds  in  the  corresponding  force,  will  be  what  is  termed  the  moment  of 
that  force  tending  to  turn  the  board  or  movable  plane  upon  the  point  H.  This  being  done,  the 
principle  denominated  the  principle  of  the  equality  of  moments  may  be  verified  by  experiment.  Here 
but  three  forces  are  applied,  but  any  given  number  may  be  introduced  ;  in  the  present  case, 
H/  x  B  lbs.  +  Hm  x  C  lbs.  =  H  x  n  A  lbs. 

The  student  must  not  confound  the  principle  of  the  equality  of  moments,  just  defined,  with  the 
intensity  of  forces  usually  considered  by  examining  the  motions  they  produce,  or  the 
over  when  the  motions  are  uniformly  accelerated.     It  has  been  before  shown  that,  generally, 

W  v 
(Force)  =  -  -  ;  [1] 

t  being  an  extremely  small  portion  of  time,  denominated  an  element,  during  which  the  velocity  v 
is  generated.     The  above  formula  shows  that  if,  by  observing  the  laws  of  motion,  we  know  for 

v 
each  instant  the  value  of  the  ratio  - ,  we  shall  then  have  that  of  the  corresponding  effort  desig- 
nated (Force)  in  the  above  formula.     Suppose  we  know,  from  experiment,  that  the  motion  ie 
uniformly  accelerated,  we  have,  for  the  space  S,  S  =  h  Yx  x  T2  in  which 

V       o 
Yx  =  7p  -  -,  as  in  [1]  ; 


(Forcei 


W 


2S 

rp2 


[2] 
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Suppose  a  locomotive  weighing  10  tons  (22400  lbs.)  runs,  with  a  uniform  accelerated  motion,  a 
distance  of  154 •  4  ft.  in  four  seconds,  required  the  force  in  lbs.  capable  of  imparting  this  accele- 
rated motion,  the  friction  of  the  rail  not  being  considered  ? 
22400  2  x  (154 #4i 

From  [2]  (Force)  =  — ^ =  13440  lbs.    (See  pp.  93,  94,  116,  Byrne's  'Essential 

d2i  4 

Elements  of  Mechanics.') 

Definition. — A  bar  is  called  a  strut,  or  a  tie,  according  as  a  thrust  or  a  pull  is  exerted  along  its 
line  of  resistance. 

Let  CHBA,  Fig.  1352,  be  a  skeleton  diagram  representing  centres  and  lines  of  resistances, 
H  B  a  platform  with  a  load  W  =  47  cwt.  upon  it,  Ö  B  a  chain  supporting  both  load  and  platform  ; 
find,  by  construction,  the  tension  of  the  chain  and  the  amount  and 
direction  of  the  pressure  upon  H,  the  point  about  which  the  plat- 
form turns,  the  weight  of  which  being  neglected  ? 

Draw  W  A  perpendicular  to  H  B,  intersecting  the  chain  in  A  ; 
join  A  and  H,  and,  from  a  scale  of  equal  parts,  lay  off  A  p  =  47,  a 
part  for  each  lb.  in  W,  which  acts  in  the  direction  A  W.  Draw  p  r 
parallel  to  C B,  and  r n  parallel  to  A  W ;  the  parallelogram  Anrp 
gives  the  required  tension  and  thrust.  In  the  diagram  A  r  =  37 
equal  parts,  answering  to  37  cwt.,  the  pressure  on  the  hinge  H  ; 
An  =  26  equal  parts,  answering  to  26  cwt.,  the  pressure  tending 
to  break  the  chain.  Take  Us  =  Ar,  draw  s  m  parallel  to  W  H,  and  s  t  parallel  to  H  C  ;  then 
H  t  gives  the  thrust  of  W  against  the  wall,  which  is  represented  by  H  C,  and  H  m  shows  the 
pressure  in  the  direction  of  the  stationary  wall  H  C. 

Given  a  triangular  frame,  ABC,  Fig.  1353,  loaded  and  supported  both  in  the  direction  of  the 
vertical  line  D  E  ;  find  the  relative  proportions  of  the  forces  ? 

Put  A,  B,  C,  for  the  three  joints,  and  a,  b,  c,  for  the  three  bars.  These  things  being  premised, 
from  any  point,  P,  draw  P  R,  P  Q,  P  S,  parallel  to  the  lines  of  resistance  a,  6,  c,  respectively  ■  across 
these  lines  the  vertical  line  Q  R  S,  then  the  following  proportions  apply  to  the  forces  :— 

Load  on  A  :  supporting  force  at  B  :  supporting  force  at  C  :  stress  along  c  :  stress  along  a  \  stress 
along  6  ;  so  stand  in  order  and  proportion  the  lines  Q  S  :  S  R  :  Q  R  '.  P  S  :  P  K  :  P  Q. 
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Out  of  the  six  proportions  thus  succinctly  stated,  to  illustrate,  we  shall  single  out   one  : 
Load  on  A  :  supporting  force  at  B  :  :  Q  S  :  S  R. 
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Let  a  pole,  A  B,  Fig.  1354,  be  supported  by  a  cord,  C  B,  and  carry  a  weight,  W  ;  required  the 
tension  of  the  cord,  and  the  pressure  on  the  pole  ? 

From  B  to  n  lay  off  equal  parts,  equal  to  the  units  of  weight  in  W  ;  draw  m  n  parallel  to  C  B, 
intersecting  B  A  in  m  ;  draw  mp  parallel  to  B  n  ;  therefore  the  units  in  B  p  will  give  the  tension 
of  the  cord  C  B,  and  the  units,  measured  on  the  same  scale  of  equal  parts,  in  the  diagonal  B  w, 
will  give  the  thrust  on  the  pole  A  B. 

Struts  may  be  distinguished  from  ties  thus  : — In  Fig.  1355,  P  Q,  Q  R,  represent  two  bars  of  a 
frame  meeting  at  the  joint  Q  ;  produce  the  lines  of  resistance  beyond  Q  to  S  and  T.  Then  a  force 
in  the  direction  of  the  arrow  A,  between  the  angle  PQE,  both  bars  are  struts  ;  if  the  force  be  in 
the  direction  of  the  arrow  B,  in  the  angle  TQP,  then  P  Q  is  a  strut,  and  Q  K  a  tie.  Again,  when 
the  force  is  applied  in  the  direction  of  the  arrow  C,  both  bars  are  ties  ;  and,  lastly,  when  the  force 
is  in  the  direction  of  the  arrow  D,  in  the  angle  S  Q  R,  then  P  Q  is  a  tie,  and  Q  R  is  a  strut. 

A  beam,  A  B,  Fig.  1356,  resting  on  a  wall,  C,  and  supported  by  a  cord,  Q  A  ;  it  is  required  to 
determine  the  direction  and  tension  of  the  cord  B  P,  so  that  the  beam  may  not  change  its  position 
when  the  wall  Cris  removed,  the  point  B  being  also  given? 

Let  G  be  the  centre  of  gravity  of  the  beam,  through  which  draw  the  vertical  line  G  s  in  the 
direction  of  the  plumb  line,  to  meet  Q  A  produced  in  s,  join  s  B,  and  produce  it  ;  B  P  in  the  direc- 
tion of  s  B  shows  the  direction  a  cord  fastened  at  B  must  take  so  that  the  beam  will  not  change  ita 
position  when  the  wall  C  is  removed. 
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To  find  whether  a  pier,  or  other  support,  S  T,  Fig.  1357,  will  overturn  by  the  action  of  a  force 
P,  or  the  resultant  of  several  forces  operating  in  a  given  direction,  P  C  A.  Produce  the  direction 
of  the  force  P,  and  let  fall  the  perpendicular  O  A ,  then,  in  order  that  the 
.structure  may  not  turn  on  the  point  O,  we  must  have,  G  being  the  centre 
of  gravity,  weight  of  the  structure  STxOB  greater  than  PxOA, 
When  (weight  S  T)  x  O  B  =  P  x  O  A,  the  pier  will  be  on  the  point  of  tinn- 
ing on  the  edge,  O. 

By  Construction. — Let  B  C  be  the  vertical  line  passing  through  the  centre 
of  gravity  of  the  pier  or  pillar,  intersecting  the  direction  of  the  force  P  in 
the  point  C  ;  from  a  scale  of  equal  parts  take  C  F  =  the  units  in  the  pressure 
I',  and  from  the  same  scale  take  C  E  =  the  units  in  the  weight  of  the  struc- 
ture, S  T  ;  complete  the  parallelogram  of  forces,  C  D  E  F,  then  C  D  will  give 
the  amount  and  direction  of  the  single  force  tending  to  overturn  the  struc- 
ture or  support,  ST.  When  CD  produced  intersect  the  base  within  the 
edge  (),  the  structure  will  stand;  but  should  the  point  of  intersection,  R, 
fall  without  the  base,  the  structure  must  fall. 

A  T,  Fig.  1358,  is  a  pier,  or  buttress,  weighing  SG0000  lbs.,  P  a  pressure 
of  320000  lbs.  ;  A  B  =  OT  =  66  ft.;  O  A  =  B  T  =  15  ft.  ;  the  cross-section 
ABTO  is  a  rectangular  parallelogram,  of  which  G  is  the  centre  of  gravity.    The  direction  of 
the  furcc  P  tending  to  overturn  tho  structure  cuts  AB  4  ft.  from  A,  and  AG  at  C,  7  ft.  from  A. 
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It  is  required  to  find  whether  the  structure  will  stand  or  fall,  and  what  will  be  the  amount  of 
the  pressure,  P,  just  sufficient  to  overturn  the  solid  mass  of  which  A  B  T  O  is  a  cross-section  ? 

CP  =  ij  A  C2  +  AP2  =  fJ  72  +  42  =  8-0622577» 

CP  :  pa  ::  co  :  OQ, 

or,  8-0622577  :  4  ::  8  :  3-969  =  O  Q. 

Since  A  T  is  a  rectangular  parallelogram,  a  vertical  line,  S  G  m,  passing  through  the 
centre  of  gravity,  G,  divides  the  base  OT  into  two  equal  parts.  .\  OS  =  ST  =  3-3  ft.;  then 
we  can  compare  moment  of  the  wall  =  860000  x  O  S  =  2838000.  Moment  of  the  pressure 
==  320000  x  O  Q  =  1270080  ;       2838000  being  greater  than  12700S0,  the  structure  will  stand. 

Putting  x  for  the  pressure  that  will  just  overturn  it,  acting  in   the   direction  of  P,  then, 

x  x  O  Q  =  2838000.     .-.  x  =  Q  Q  "  Q  -  715022  lbs. 

If  P  =  715022  lbs.,  the  point  B  will  coincide  with  the  point  O  on  the  outer  edge  of  the 
structure. 

Geometrical  Proposition. — If  the  sides,  or  the  sides  produced,  of  one  triangle,  a,  b,  c,  Fig.  1359, 
be  respectively  perpendicular  to  the  sides,  or  sides  produced,  of  another,  ABC,  these  triangles 
are  similar,     a  Q,  6  P,  b  B,  represent  the 

three  perpendiculars,  angle  C  +  C  S  P  =  1359-  136°- 

a  right  angle,  angle  c  +  c  S  Q  =  a  right  \ 

angle  ;   but  angle  C  S  P  =  angle  c  S  Q,  \  &j 

.-.  angle  c  =  angle  C.  iïr'''l/ 

In  the  same  way  the  angle  b  may  be  \  /£ 

shown  to  be  equal  to  the  angle  B  ;  and 
consequently  the  angle  a  =  A. 

Funicular  Polygon. — Funicular  poly- 
gon is  the  term  employed  to  designate  a 
polygon  formed  of  rods,  chains,  or  cords, 
whose  angular  points  are  solicited  by 
any  forces  whatever.  The  equilibrium 
of  such  a  system  of  thrusts,  tensions,  &c,  are  subject  to  rules  easily  determined.  First,  let  us 
suppose  that  the  polygon  has  not  all  its  sides  in  the  same  plane,  and  is  represented  by  the  contour, 
ABCDEF,  Fig.  1360.  Let  P,  Q,  B,  S,  T,  .  .  .  .  be  the  forces  acting  upon  each  of  the  summits 
A,  B,  C,  D,  E  ;  the  respective  tensions  of  the  sides  A  B,  B  C,  C  D,  D  E,  E  F,  represented  by  T,  T„ 
T2 ,  T3 ,  .  .  .  .  respectively.  If  the  entire  polygon  is  in  equilibrium,  it  must  be  so  for  all  the 
summits  separately,  and  since  Tx  must  be  equal  and  opposite  to  the  resultant  of  T  and  P,  it 
follows  that  any  two  sides  uniting  at  the  same  summit,  and  the  direction  of  the  force  acting  upon 
this  summit,  must  be  in  the  same  plane  ;  and  the  tension  T\  must  be  equal  and  opposite  to  the 
resultant  of  the  force  Q  and  tension  T2 ,  and  consequently  in  substituting  at  the  summit  C,  for  the 
tension  T,  its  two  components  P  and  T,  the  forces  P  and  Q,  and  the  tensions  T  and  T2 ,  supposed 
to  be  transferred  to  the  point  C,  parallel  to  themselves,  must  be  in  equilibrium.  We  see  also  that 
the  forces  P,  Q,  B,  and  the  tensions  T  and  T3 ,  supposed  to  be  transmitted  to  the  summit  D  in 
parallel  directions,  must  then  produce  an  equilibrium.  By  continuing  this  process,  we  arrive  at 
the  conclusion,  for  the  equilibrium  of  the  funicular  polygon,  that  when  all  the  external  forces  and 
the  tensions  of  the  extreme  sides  are  regarded  as  transferred  parallel  to  themselves  to  any  summit, 
they  must  necessarily  produce  an  equilibrium  there.  These  remarks  are  independent  of  the 
direction  of  the  forces  and  the  nature  of  the  sides,  and  are  applicable  when  the  sides  are  sub- 
jected to  efforts  of  compression  instead  of  tension,  with  the  reservation  solely  that  the  sides  be 
sufficiently  rigid  to  resist  the  compressions,  without  a  change  of  form.  When  the  forces  soliciting 
the  funicular  polygon  are  weights,  in  which  case  the  forces  P,  Q,  B,  S,  .  .  .  .  are  all  vertical  and 
parallel,  and  the  polygon  necessarily  in  one  plane  ;  for,  the  direction  of  each  force,  and  those 
of  the  two  sides  meeting  at  the  summit,  are  in  the  same  vertical  plane  ;  and,  as  through  one  side 
we  can  draw  but  one  vertical  plane,  it  follows  that  the  two  vertical  planes,  containing  the  same 
side  of  the  polygon,  are  coincident,  and  so  for  the  other  sides.  Again,  since  all  the  external  forces 
P,  Q,  B,  .  .  .  .  and  the  tensions  T,  T4 ,  of  the  first  and  last  sides  are  in  equilibrium,  T  and  T4  must 
also  be  in  equilibrium  with  the  single  resultant  of  all  the  parallel  forces. 

Determination  of  the  Tensions  by  a  Graphical  Construction. — If,  in  accordance  with  the  preceding 
views,  we  describe  upon  the  side  A  B,  produced  from  any  convenient  scale  of  equal  parts,  a  length 
equal  to  the  tension  T,  and  construct  the  parallelogram  B  ab  d,  Fig.  1361,  the  side  B  a,  measured 
on  the  same  scale  of  equal  parts,  will  represent  their  tension,  T1  of  the  side  B  C,  and  the  side  B  d, 
the  external  force  P.  Then,  if  we  draw  through  the  point  B,  for  example,  a  line  B  G1  perpendi- 
cular to  the  directions  of  the  forces  P,  Q,  B,  .  .  .  .  upon  which  lay  off  B  C1,  C1  D1,  D1  E1,  E1  F1, 
F1  G1,  proportional  to  the  forces  P,  Q,  B,  S,  U,  and  from  the  same  point  erect  the  line  B  O 
perpendicular  to  A  B  with  a  length  proportioned  to  the  tension  T,  or  to  B  6,  the  triangle  B  O  Cl 
having  two  sides,  B  O,  B  C1,  respectively  perpendicular  and  proportional  to  the  sides  B  b  and  B  (/ 
of  the  triangle  B  b  d,  must  be  similar  to  it  by  the  geometrical  proposition  preceding.  Then  the 
third  side,  O  C1,  of  the  first  will  be  proportional  to  the  third  side,  b  d  or  B  o,  or  to  the  tension  T,, 
and  will  be  perpendicular  to  the  side  B  C  of  the  polygon;  the  following  triangle  will  be  in  the 
same  condition,  in  relation  to  the  side  C  D,  to  the  force  Q,  and  the  tension  T2 ,  which  will  bo 
proportional  to  the  side  O  D\  and  so  on.  Then,  if  the  weight  soliciting  the  different  summits  of 
the  contour  A,  B,  C,  .  .  .  .  are  in  equilibrium,  and  we  lay  off  upon  a  horizontal  line  lengths 
respectively  proportional  to  these  weights,  and  then  from  points  of  this  line  corresponding  to  each 
summit  draw  straight  lines  perpendicular  to  the  directions  of  the  sides  of  the  polygon,  all  these 
right  lines  will  intersect  at  the  same  point,  and  their  lengths  will  be  proportional  to  the  tensions 
of  the  sides  of  the  polygon,  which  will  thus  be  determined.    If  a  line  V  Z  be  drawn  parallel  to 
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BG1,  the  triangle  VOZ  answers  the  same  purpose  as  the  triangle  B  O  G1.  The  triangle  B  O  G1, 
Fig.  1362,  expresses  the  same  relations  as  the  triangle  B  O  G1,  Fig.  1361,  B  G1  being  taken  equal 
to  the  sum  and  in  the  direction  of  the  forces  P,  Q,  R,  .  .  .  .  B  O  is  drawn  parallel  to  the  direction 
of  T,  and  B  X  parallel  to  the  direction  of  Tx  ;  G1  X  gives  the  tension  of  T,  and  G1  O  the  tension 
of  Tj,  both  measured  on  the  same  scale  of  equal  parts  as  B  G1.  O  B  is  parallel  to  T  or  A  B  ; 
O  C1  is  drawn  parallel  to  B  C  ;  OD'toCD;  OE'toDE;  OFtoEF. 

We  have  been  very  particular  to  pass  nothing  over  that  might  make  the  proper  relations  and 
actions  of  forces,  thus  circumstanced,  clear  to  the  mind  of  the  student,  since  the  proper  arrange- 
ment of  thrusts  and  tensions,  the  action  of  braces,  struts,  and  ties,  in  bridge-building,  roofing,  and 
in  all  sorts  of  lattice- work,  designed  to  combine  strength  with  lightness,  depend  upon  the  extension 
of  the  simple  principles  here  presented. 


1361. 


If  the  same  Fig.  1362  be  inverted,  then  such  frame,  Fig.  1363,  consists  chiefly  of  struts,  and  is, 
therefore,  unstable  unless  their  ends  are  made  fast  by  suitable  stays.  In  a  polygonal  frame 
loaded  and  suspended  vertically,  represented  by  the  skeleton  diagram,  Fig.  1362,  the  bars  which 
are  struts  in  Fig.  1363  become  ties,  and  the  frame  is  stable  and  yet  flexible. 

The  diagram  of  forces  for  Fig.  1363  may  be  constructed  as  follows  : — Suppose  the  polygonal 
frame  loaded  vertically  and  supported  vertically,  let  A,  B,  C,  D,  .  .  .  .  be  the  bars  ;  a,b,c,d,  .  .  .  . 
the  joints  of  which  6,  c,  d,  e,  f,  are  loaded,  a  and  g  are  supported.  Take  any  convenient  point,  as 
O,  draw  O  A1  parallel  to  A  ;  O  B1  parallel  to  B  ;  OC1  parallel  to  C  ;  O  D1  parallel  to  D  ;  O  E1 
parallel  to  E  ;  OF1  parallel  to  F  ;  and  O  G1  parallel  to  G.  Then  draw  the  vertical  line  A1  F1 
crossing  the  lines  O  A1,  O  B1,  O  C1  .  .  .  .  Then  if  the  whole  load  on  the  frame  be  represented  by 
A1  F1,  the  parts  into  which  A1  F1  is  cut  by  the  lines  O  A1,  O  B1,  O  C,  .  .  .  .  will  represent 
the  fractional  parts  of  the  load  that  must  rest  on  each  of  the  joints  to  secure  equilibrium. 

A!  Bj  represents  the  part  of  the  load  to  be  applied  at  the  joint  b;  Bl  C1  the  part  to  be  applied 
at  c  ;  0,  Dj  the  part  to  be  applied  at  d  ;  and  so  on.  The  lengths  of  the  lines  O  Ax,  O  B15  O  C1T 
....  represent  the  resistances  along  the  lines  A,  B,  C,  ....  to  which  they  are  respectively 
parallel.  The  two  parts  F1  Gx,  Gx  A15  into  which  Fj  Ax  is  divided  by  the  line  O  Gx  parallel  to  G 
represent  the  supporting  forces  at  a  and  g,  that  is,  F1  G1  represents  the  supporting  force  at  g,  and 
Gx  Aj  the  supporting  force  at  a.  The  horizontal  stress  of  the  frame  is  represented  by  the  length 
of  the  perpendicular  O  G2  let  fall  from  O  on  Fx  A^  If  the  angles  of  the  polygonal  figure  A  B  C  D 
....  be  given,  the  angles  of  the  diagram  of  forces  O  A1  F1  are  also  given  ;  hence,  when  the 
length  of  any  one  of  the  lines  in  C  Aj  Fj  is  also  given,  the  lengths  of  the  other  lines  are  readily 
found  by  plane  trigonometry,  to  any  required  degree  of  accuracy. 

If  the  skeleton  diagram  AB  CD  .  .  .  .  ,  Fig.  1363,  represent  an  open  frame,  the  bar  G  is 
omitted  ;  in  this  case  the  stress  along  the  outer  bars,  represented  in  the  diagram  of  forces  by  the 
lines  O  Ai,  O  Fn  must  be  met  by  oblique  forces  as  abutments  ;  for  vertical  supports  would  not  be 
sufficient.     This  frame,  being,  as 

before  observed,  composed  of  struts,  136i-  1365. 

is  unstable,  and  must  be  connected 
with  suitable  stavs. 

Let  A  B  and  B  C,  Fig.  1364,  be 
a  roof  resting  on  the  side  walls  A 
and  C;  a  uniform  section  of  this 
roof  weighs  6000  lbs.,  the  angle 
B  A  C  =  34°,  BCA-  44°;  it  is 
required  to  find  the  thrust  on  the 
points  A,  C,  the  roof  being  without 
a  tie-beam  ;  what  would  be  the  ten- 
sion of  a  tie-beam,  A  C,  or  of  a  rod 
connecting  the  feet  of  the  rafters; 
and  also  find  the  direction  and 
amount  of  the  pressure  of  the  roof  to  overturn  the  side  walls  ? 

To  construct  the  diagram  of  forces,  draw  O  a,  Fig.  1365,  parallel  to  AB:  Oc  parallel  to  CB  ; 
and  0  b  parallel  to  A  C,  Fig.  1364.  L 

Drnw  the  vertical  line  abc  =  6000  equal  parts  to  represent  6000  lbs. 

Let  W  =  6000  lbs.  applied,  suppose,  at  the  centre  of  gravity,  G,  of  the  section. 

.-.   angle  «O 6  =  34°;   60c  =  44°.      0«6  =  U0  —  31  =  56°;  Oc6  =  *J0  -  44  =  40°. 
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Sin.  78°  :  6000  ::  sin.  56°  :  Oc  =  50S5-35.  Natural  sine  of  78°  =  -9781476;  natural  sine  ' 
of  56°  =  -8290376.  Sin.  78°  :  6000  :  :  sin.  46°  :  O  a  =  4411-44.  Natural  sine  of  46°  =  '7193398. 
.*.  The  thrust  on  the  point  C  =  5085  lbs.,  and  the  thrust  on  the  point  A  =  4411  lbs.  As  sine 
of  90°  I  Oa  ::  sin.  aOb  :  ab  =  2466'8.  ,\  6  c  =  6000  -  2466-8  =  3533-2.  .-.  The  side  wall 
at  C  supports  3533  lbs.  of  the  weight  W,  and  the  side  wall  at  A,  2467  lbs.  nearly.  As  sin.  90°  :  O  a 
:  :  cos.  a  Ob:  Ob  =  3657-3.     .-.  The  horizontal  thrust  along  the  side  A  C  =  3657  lbs. 

Draw  Ap  perpendicular  to  AC,  and  =  ab,  the  vertical  weight  at  A,  Fig.  1364;  make 
An  =  O  a,  the  thrust  along  the  rafter  A B  ;  complete  the  parallelogram  Apmn,  and  draw  the 
diagonal  m  A,  =  the  amount  and  direction  of  the  pressure  of  the  roof  tending  to  overturn  the 
wall  A.  Or,  to  avoid  complicating  the  figure,  we  reproduce  the  diagram  of  forces,  Fig.  1366  ; 
taking  the  lines  O  a,  a 6,  complete  the  parallelogram  Orba,  then  the  diagonal  a r  gives  the 
amount  and  direction  of  the  pressure  as  well  as  the  parallelogram  A  n  mp,  Fig.  1364.  On  the 
lines  Oc,  co,  construct  the  parallelogram  O  s  b  c,  draw  S  c  =  the  amount  and  direction  of  the  pressure 
of  the  roof  applied  to  overturn  the  wall  O,  when  the  tie  A  C  is  omitted. 


1366. 
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Given  the  skeleton  diagram  A  B  C  D  E,  Fig.  1367,  of  a  frame  loaded  and  supported  vertically; 
A  E  being  horizontal.  O  BM  Fig.  1368,  is  parallel  to  AB;  O  Cx  parallel  to  B  C  ;  OD,  parallel 
to  CD;  O  Ex  parallel  to  DE;  and  O  Fx  is  drawn  parallel  to  A  E  ;  Bx  E,  represents  the  whole 
load,  and,  being  vertical,  is  perpendicular  to  OFj.  Now  suppose  the  angle  F1  OC,  =  12°,  the 
natural  tangent  of  which  is  -21255  =  Fl  C1?  when  O  P,  =  1  ;  the  secant  of  this  angle  is  1*0223 
=  O  Oj.  F,OB,  =  37° ;  Fx  O  D,  =  25° ;  F^  O Ex  =  50°  ;  then  the  comparative  lengths  of  the  lines 
in  the  diagram  of  forces  will  stand  thus  : — 


OF, 


Tangent. 
Fx  C1  =  -21255 
F^!^  -75355 
FXD,=  -46630 
F^  =  1-1917 


Secant. 
OC,  =  1-0223 
OB,  =  1-2521 
OD,  =  1-1033 
OE,  =  1-5557 


94525  :  5000  :  : 
94525  :  5000  :  : 
94525  :  5000  : 
94525  :  5000  : 


F,  B1  -FlC1  =  O,  Bx  =  -75355 


Fl  C,  +  F,  D,  =  C,  D,  =  -67S85  ; 
F1E1-F1D1=  -7254;     1 


The  frame  is  vertically  loaded  with  5000  lbs  ;  how  is  it  distributed,  and  what  are  the  parti- 
culars of  its  action  when  the  forces  balance  each  other  ? 

Fx  Bj  +  F,  Bj  =  1-94525  =  5000  lbs. 

■  0223  :  2628  lbs.  stress  along  the  bar  b  or  B  C 
■2521  :  3218  lbs.  stress  along  A  B  or  bar  a. 
•1033  :  2836  lbs.  stress  along  bar  c. 
•  5557  :  3999  lbs.  stress  along  d. 

21255  =  -541  ;        1-94525  :  5000  :  :  -541  :  1391  lbs.  load  on 
the  joint  B. 
1-94525  :  5000  :  :  -67885  :  1745  lbs.  load  on  the  joint  C. 
•94525  :  5000  :  :  -7254  :  1864  lbs.  load  on  the  joint  D. 
1-94525  :  5000  ::  FjE,  :  3063  lbs., 
the  vertical  weight  falling  on  the  support  at  E,  the  remainder  of  the  weight,  or  5000  —  3063 
=  1937  lbs.,  must  fall  on  the  support  at  A.     The  horizontal  stress  being  represented  in  the  dia- 
gram of  forces  by  O  F!  =  1,  we  have  1-94525  :  5000  :  :  1  :  2570  lbs.,  the  horizontal  stress  of  the 
frame.    When  the  load  is  properly  distributed,  the  necessary  stays,  CE,  AC,  require  but  little 
strength  ;  without  stays  such  a  frame,  however  well  balanced,  would  be  unstable. 

Examples  of  Bridges  in  which  the  actions  of  combined  forces  have  been  applied  with  more  or  less  success. 
— The  McCallum  Inflexible  Arched  Truss  Bridge  approaches  nearer  the  standard  of  perfection 
than  any  other  wooden  bridge  that  has  fallen  under  our  notice  ;  this  fact  is  easily  established  by 
comparison  and  demonstration. 

Fig.  1369  is  what  is  known  as  the  Burr  Bridge.  It  is  composed  of  lower  and  upper  chords,  and 
posts  and  braces.  The  posts  are  framed  into  the  chords,  and  the  braces  are  framed  into  the  posts. 
Arches  are  placed  on  each  side  of  the  truss,  securely  fastened  thereto,  and,  extending  below  the 
lower  chords,  abut  against  the  masonry.  This  form  of  truss  was  extensively  used  throughout 
Europe  and  the  United  States  previous  to  the  introduction  of  railroads.  Many  spans  were  of 
great  length,  and  in  cases  where  the  arches  were  lar^e,  and  the  masonry  sufficiently  permanent, 
this  bridge  was  comparatively  successful.    Much  difficulty  was,  however,  experienced,  by  reason 
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of  the  absence  of  counter-braces.  A  moving  load  produced  a  vibratory  and  undulating  motion, 
tending  to  loosen  the  connection  of  the  timbers,  which  generally  resulted  in  failure.  Many  of  the 
first  railroad  bridges,  both  in  Europe  and  America,  were  built  upon  this  plan  ;  but  much  greater 
difficulty  was  found  in  adapting 

it  to  the  use  of  railroads  than  had  1369. 

been   previously   experienced   in 
its  use  upon  common  roads.    This 
difficulty    arose   from,   first,   the 
practical  impossibility  of  perfectly 
combining  the  action  of  the  arch 
and  the  truss  (each  system,  of  it- 
self,  being    insufficient   to  carry 
the  whole  load)  ;  and,  second,  the 
absence  of  counter-braces.    These 
defects,  clearly  apparent  in  their 
use  on  common  roads,  were  greatly 
aggravated  under  the  increased 
and  concentrated  nature  of  the 
weight,  and  the  rapid  transit  of  trains  on  railroads.     It  is  true  they  were  obviated  in  part  by  add- 
in«- largely  to  the  amount  of  material  in  the  structures  ;  but  as  the  difficulty  was  inherent  in  the 
plan,  violent  contortions  in  shape  could  not  be  prevented,  and  these  in  time  caused  failures.   These 
remarks  are  intended  to  apply  to  spans  of  considerable  length,  as  experience  has  proved  that  plans 
of  even  an  inferior  grade  may  be  measurably  successful  in  spans  of  ordinary  length;  whereas 
nothing  short  of  the  most  judicious  distribution  of  material  will  ensure  permanency  in  cases  where 
long  spans  are  indispensable,  and  any  arrangement  which  can  be  made  permanent  in  the  latter 
case  must  certainly  prove  so  in  the  former.  «   It  is  worthy  of  remark  here,  that  this  particular  com- 
bination of  the  arch  with  the  truss  is  even  now,  with  some,  a  favourite  idea,  but  it  is  believed  that 
its  warmest  advocates  will  be  generally  found  among  those  whose  opportunities  for  practical  inves- 
tigations have  been  limited,  and  that  it  is  only  necessary  that  the  question  be  properly  presented 
to  them,  to  produce  a  change  of  views  in  respect  to  it.     This  partiality  for  the  combination  of  the 
arch  and  the  truss  is  attributable  partly  to  the  fact  that  the  simple  truss  has  in  many  instances 
failed,  and,  as  a  last  resort,  the  arch  has  been  added,  of  such  dimensions  and  strength  as  to  be 
competent  to  carry  the  truss  and  load  ;  the  truss  serving  only  as  a  stiffener  to  the  arch,  while  the 
latter,  thrusting  upon  the  masonry,  has  sustained  the  whole  weight.     Besides,  to  the  casual 
observer  who  has  never  studied  bridge  construction,  this  combination  presents  at  least  an  appear- 
ance of  great  strength  and  solidity,  which  do  not  in  fact  exist.     That  the  simple  truss  without  the 
aroh  has  failed  in  some  instances  is  unquestionably  true  ;  but  while  many  of  these  failures  have 
been  caused  from  inattention  to,  or  ignorance  of,  the  laws  regulating  the  composition  and  resolu- 
tion of  forces,  by  far  the  greater  number  have  arisen  from  the  inferior  quality,  or  lack  of  the 
requisite  amount  of  material,  or  from  inferior  workmanship.     The  acknowledged  failure  of  the 
Burr  Truss,  as  applied  to  railroad  purposes,  led  to  the  invention  of  several  other  plans,  all  of 
which  were  based  upon  the  abandonment  of  the  arch,  and  were  aimed  at  perfecting  a  truss,  which 
of  itself  would  be  sufficient  to  meet  the  emergencies  of  the  case.     This  was  in  pursuance  of  what 
was  considered  a  very  reasonable  hypothesis,  namely,  that  one  system  properly  proportioned  must 
prove  much  superior  to  any  method  or  arrangement  in  which  the  attempt  was  made  to  combine 
two  distinct  principles,  in  their  nature  heterogeneous.    Among  the  most  prominent  plans  presented 
to  remedy  existing  defects  was  one  invented  by  Stephen  H.  Long.     This  plan  of  bridge  was  com- 
posed of  lower  and  upper  chords,  posts,  and  braces,  similar  in  outline  and  general  arrangements 
to  the  Burr  Truss,  but  differing  from  it  in  detail.    An  efficient  system  of  counter-braces  was 
introduced  ;  these  were  made  adjustable  by  wooden  wedges,  as  were  also  the  sustaining  braces, 
by  means  of  which  any  desirable  elevation  or  deflection  might  be  given  to  the  truss.    This  plan  of 
truss  was  rigid  to  a  degree  not  previously  attained  ;  and  to  such  an  extent  was  this  true,  that, 
when  properly  adjusted,  no  perceptible  deflection  was  produced  by  the  passage  of  the  load.    It 
was,  however,  found  difficult  to  keep  it  in  adjustment,  in  consequence  of  the  great  shrinkage  of 
the  wedges  and  other  timbers  of  the  truss. 

The  bridge  from  which  this  example,  Figs.  1370  to  1373,  of  Long's  framing  is  taken  consists 
of  seven  equal  openings  of  180  ft.,  measuring  from  centre  to  centre  of  the  piers.  The  bottom 
string  course  is  a  beam  built  of  six  planks,  each  a  foot  in  depth,  four  of  the  planks  being  5  in.  in 
breadth  ;  and  the  two  outside  planks  each  4  in.  When  put  together  these  planks  form  a  beam 
12  in.  in  depth  and  28  in.  in  breadth.  The  planks  are  bolted  together  by  screw-bolts,  placed 
about  2  ft.  apart  and  alternately  near  the  top  and  bottom  of  the  beam,  as  shown  in  the  vertical 
section,  Fig.  1372.  Short  wedges  of  wood  are  let  into  the  bottom  string  to  the  depth  of  about 
1  in.,  and  into  the  sides  of  these  wedges  are  mortised  the  ends  of  the  diagonal  braces.  Fig.  1371. 
These  diagonal  braces  abut  against  similar  wedges  which  are  let  into  the  top  string  beam.  The 
top  string  consists  of  three  lines  of  8  in.  square  timber,  placed  with  a  small  space  between  each,  so  as 
to  make  the  whole  breadth  of  the  beam  28  in.,  the  same  as  that  of  the  lower  string.  The  pieces 
composing  this  beam  are  bolted  together  at  intervals  of  7  ft.  All  the  braces  are  8  in.  square,  and 
the  ii uiiil.cr  of  braces  abutting  on  each  block,  both  at  the  top  and  bottom  string  courses,  is  always 
three,  arranged  two  on  one  side  and  one  on  the  other.  Along  the  top  string  beam  are  fixed  short 
cross  pieces,  5  in.  by  7  in.,  one  above  each  of  the  abutting  wedges.  These  cross  pieces  receive  the 
tops  of  the  vertical  ties,  which  pass  entirely  through  the  framing  from  top  to  bottom,  and  are 
secured  above  the  top  string  and  below  the  bottom  one  by  screw-bolts  and  nuts.  Similar  cross 
pieces  below  the  lower  string  receive  the  extremities  of  the  vertical  ties.  Two  of  these  vertical 
ties  pass  through  each  of  the  abutting  wedges,  so  that  for  the  two  sides  of  the  bridge  there  are 
four  vertical  ties  in  each  length  of  7  ft.    The  frames  arc  connected  at  the  top  by  cross  beams,  and 
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the  lateral  stiffness  of  the  bridge  is  further  increased  by  wrought-iron  ties  at  each  of  the  vier 
these  ties  being  carried  into  the  masonry  at  some  depth  below  the  platform  of  the  roadway  Thè 
longitudinal  sleepers  for  the  railway,  which  has  only  a  single  track  over  this  bridge,  are  laid  uoon 
transverse  beams,  which  rest  upon  the  bottom  string  pieces  and  are  placed  one  on  each  side  of 
each  of  the  abutting  wedges  throughout  the  whole  length  of  the  bridge.  The  platform  is  further 
strengthened  by  diagonal  horizontal  beams  framed  between  the  bottom  strings,  Fig.  1373, 
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The  invention  of  what  is  known  as  the  Howe  Bridge  followed.  In  this,  as  in  Col.  Long's  bridge, 
the  idea  of  combining  the  arch  with  the  truss  was  originally  abandoned  for  reasons  heretofore  given, 
and  it  was  believed  that  this  simple  form  of  truss  would  prove  equal  to  any  reasonable  require- 
ment. In  the  Howe  Bridge,  the  posts  used  in  the  Burr  and  Long  bridges  are  dispensed  with,  and 
iron  rods  substituted,  by  means  of  which  any  desirable  camber  may  be  given  to  the  truss,  thus 
overcoming  the  practical  difficulty  previously  experienced  in  the  adjustment  of  Col.  Long's  bridge, 
by  the  use  of  wooden  wedges.  This  method  of  producing  camber  is  certainly  an  improvement  upon 
the  means  adopted  in  the  Long  Bridge  for  that  purpose,  but  is  much  inferior  to  the  latter  in  its 
method  of  counter-bracing,  in  that  they  are  not  adjustable,  and  perform  a  negative  rather  than  a 
positive  duty. 
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The  Improved  Burr  Truss,  introduced  by  Thomas  Steele,  is  shown  in  elevation,  Fig.  1374  ; 
Fig.  1375  is  part  of  the  plan  of  the  same  ;  and  Figs.  1376,  1377,  the  detail  to  a  larger  scale  of  the 
tension-posts,  braces,  and  counter-braces,  upper  and  lower  chords,  and  their  iron  fastenings. 
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In  this  method  of  combining  an  arch  with  a  trussed 
frame  the  arches  are  connected  with  the  tension-posts, 
and  the  posts  with  the  chords  by  screw  fastenings,  as 
seen  in  Figs.  1376,  1377;  and  all  is  so  arranged  as  to 
admit  of  cnanging  the  position  of  the  arches  relatively 
to  the  chords,  or  of  drawing  together  the  chords  without 
changing  the  position  of  the  arches,  and  thus  regulating 
and  distributing  the  strain  over  the  different  parts  of  the 
bridge  at  pleasure.  This  adjustment  must  take  place  once 
or  twice  in  each  year  until  the  timber  becomes  perfectly 
seasoned  ;  after  which,  in  a  well-constructed  bridge,  but 
little  attention  will  be  required.  Plates  of  iron  should 
in  all  cases  be  introduced  between  the  abutting  surfaces 
of  the  top  chords  and  arches,  and  all  possible  care  taken 
to  prevent  two  pieces  of  timber  from  coming  in  contact, 
by  which  decay  is  hastened.  Care  should  also  be  taken 
to  obtain  the  curve  of  the  parabola  for  the  arches,  as  it  is 
a  curve  of  equilibrium  and  of  greatest  strength. 

The  parabola  is  the  curve  of  equilibrium  when  no  load  is  upon  the  bridge,  and  also  when  the 
load  is  uniform  ;  but  there  can  be  no  curve  of  equilibrium  for  the  variable  load  of  a  passing  train. 
Stiffness  can  be  secured  in  this  case  only  by  an  efficient  system  of  counter-bracing.  The  Improved 
Burr  Truss,  of  Steele,  Fig.  1374,  presents  an  example  of  one  of  the  systems  to  produce  the  required 
stiifness. 

Bridges  constructed  on  this  plan  will  be  found  to  possess  an  unusual  amount  of  strength  for 
the  quantity  of  material  contained  in  them,  and,  if  well  built  and  protected,  great  durability. 

The  following  are  the  points  to  be  attended  to  in  erecting  one  of  these  bridges,  as  given  by  the 
inventor  in  Haupt's  Treatise  on  Bridges: — The  truss  must  first  be  raised,  provided  with  suit- 
able cast-iron  skew-backs  to  receive  the  braces  and  tension-posts  ;  and  the  several  parts  of  the 
chords  should  be  connected  with  cast-iron  gibs.  Wedging  under  the  counter-braces  must  be 
avoided  by  extending  the  distance  between  the  top  skew-backs  sufficiently  to  bring  the  tension- 
posts  on  the  radii  of  the  curve  of  camber  of  the  bridge.  The  tension-posts  must  be  about  8  in. 
shorter  than  the  distance  between  the  chords  ;  and  in  screwing  up  the  truss  care  must  be  taken 
not  to  bring  their  ends  in  contact  with  the  chords;  but  they  must  be  equidistant,  and  about  4  in. 
fr<»in  them.  When  the  truss  is  thus  finished  it  must  be  thrown  on  its  final  bearings  ;  and  it  is 
then  ready  to  receive  the  arches  which  should  be  constructed  on  the  curve  of  the  parabola,  with 
the  ordinates  so  calculated  as  to  be  measured  along  the  central  line  of  the  tension-posts.  They 
must  be  firmly  fastened  to  the  posts  and  bottom  chords  by  means  of  strong  screw-bolts  and  con- 
necting-plates, as  shown  at  dd,  and  should  abut  on  the  masonry  some  distance  below  the  truss, 
which  can  be  effected  with  safety,  as  the  attachment  to  the  posts  and  chords  will  relieve  the 
masonry  of  much  of  their  horizontal  thrust.  When  a  bridge  thus  constructed  is  put  into  use,  it 
will  be  found  that,  as  the  timber  becomes  seasoned,  the  weight  will  be  gradually  thrown  upon  the 
arches,  which  will  ultimately  bear  an  undue  portion  of  the  load.  To  avoid  this,  the  camber  must 
be  restored  and  the  posts  moved  up,  so  as  again  to  divide  the  strain  between  the  truss  and  the 
arches. 
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The  Howe  Bridge  is  composed  of  lower  and  upper  chords,  braces,  and  counter-braces,  vertical 
rods,  and  cast-iron  bearing -blocks.  The  braces  abut  on  the  bearing-blocks,  which  pass  through  the 
chords  in  such  a  manner  as  to  permit  the  rods  to  bear  directly  upon  them.  Spans  of  considerable 
length  were  built  upon  this  plan,  but  experience  proved  that  even  this  truss — like  all  others — had 
its  limit,  beyond  which  it  could  not  be  safely  extended. 

In  the  progress  of  railroad  enterprises,  in  order  to  save  large  expenditures  of  money  for 
masonry,  longer  spans  than  had  been  previously  used  became  desirable,  and  in  certain  locations 
absolutely  indispensable  ;  besides  this,  locomotives  were  largely  increased  in  weight,  to  meet  the 
demands  of  traffic,  and  furnish  a  more  economical  mode  of  working  ;  and  thus  arose  the  necessity 
for  the  adoption  of  some  other  expedient  to  meet  the  increased  requirements  of  bridges.  As  all 
had  been  done  by  way  of  improving  this  truss  that  mechanical  skill  could  devise,  and  which  an 
extensive  practice  had  amply  afforded,  it  became  evident  that  some  radical  change  must  be  made 
in  its  arrangement,  to  enable  it  to  meet  the  exigencies  of  the  case.  In  this  emergency  the  arch, 
heretofore  condemned  in  the  Burr  Trass,  was  again  resorted  to  ;  for  it  had  been  proved,  from  the 
experience  which  its  use  in  that  truss  had  afforded,  that  an  arch  of  sufficient  size,  abutting  against 
permanent  masonry,  would  place  the  truss  in  a  position  of  secondary  importance. 

It  will  be  observed  that  the  arch  of  the  Burr  Bridge,  Fig.  1369,  abuts  upon  the  masonry  in 
precisely  the  same  manner  as  the  arch  of  what  is  denominated  the  Improved  Howe  Truss,  Fig.  1378 
and  the  difference  between  the  two 

consists  simply  in  the  mode  of  con-  1378- 

nection  with  the  truss,  and  not  in 
any  change  of  principle  or  method  of 
action. 

It  will  be  seen  that  the  Burr  Arch 
is  securely  fastened  to  the  posts  and 
braces  of  the  truss,  forming  a  solid 
adjustable  mass.  In  Fig.  1378  the 
arches  are  not  fastened  to  the  braces 
or  rods,  but  have  an  independent  con- 
nection with  the  lower  chord  or  the 
truss,  by  means  of  rods  radiating  from 
the  former  to  the  latter.  By  this  method  it  was  supposed  that  any  desirable  adjustment  could 
be  effected,  and  that  the  strain  could  be  put  upon  either  system,  or  equally  upon  each. 

This  new  arrangement,  although  plausible  in  theory,  is  found  impossible  in  practice,  for  the 
following  reasons  : — 

1st.  The  rods  from  the  arch  to  the  lower  chord  are  of  various  lengths,  consequently  the 
contractions  and  expansions  must  vary  proportionately. 

2nd.  Not  a  single  rod  in  the  arch  is  of  the  same  length  as  those  in  the  truss,  hence  the 
expansion  and  contraction  of  the  rods  in  the  truss  will  vary  from  that  in  each,  and  all  the  rods 
connecting  the  arch  with  the  lower  chord. 

3rd.  This  combination  is  exceedingly  liable  to  maltreatment  from  the  careless  or  ignorant. 

4th.  And  even  if  it  were  everything  in  practice  that  is  claimed  for  it  in  theory  (which  is  not 
the  fact),  it  involves  a  constant  expenditure  for  adjustment,  which  must  continue  during  the 
existence  of  the  bridge  itself. 

The  Burr  Truss,  Fig.  1369,  with  all  its  defects,  can  be  made  superior  by  far  to  the  Improved  Howe 
Truss,  Fig.  1378.  For,  in  the  former,  there  may  sometimes  be  a  yielding  and  compression  between 
the  parts  of  the  truss  and  those  of  the  arch,  producing  a  certain  degree  of  united  action  ;  while  in 
the  Howe  Truss  everything  depends  upon  the  length  of  the  rods,  which  must  always  change  wich 
the  temperature,  and  thus  render  an  approach  even  to  perfect  adjustment  a  matter  of  extreme 
delicacy.  But,  in  either  Fig.  1369  or  Fig.  1378,  it  is  clearly  evident  that,  in  order  to  have  a  structure 
absolutely  safe,  the  arch  and  the  truss — each  of  itself,  independently  of  the  other — should  be  of 
sufficient  strength  to  sustain  the  whole  load,  that  the  strain  may  be  borne  alternately  by  each 
separate  system. 

Fig.  1379  shows  an  elevation  of  a  bridge  erected  upon  Howe's  plan  over  Sherman's  Creek,  on 
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the  Pennsylvania  Centra.  Railroad.     Fig.  1380  is  a  plan,  and  Fig.  1381  a  vertical  section.     The 
bridge  has  two  spans,  each  148  ft.  3  in.  from  end  to  end  of  the  bow,  or  154  ft.  6  in.  from  the 
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centre  of  the  pier  to  the  end  of  the  truss.    The  pier  is  3  ft.  2  in.  wide  at  top  and  6  ft.  at  the 
skew-backs.     The  truss  is  formed  of  three  rows  of  top  and  bottom  chords,  and  two  sets  of  posts 
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and  braces.  It  is  counter-braced  by  rods  of  1  in.  iron  between  the  braces. 
The  panels  increase  in  width  from  the  end  towards  the  middle  of  the 
span.  The  first  panels  are  9  ft.  1J  in.  from  centre  to  centre  of  posts, 
and  the  middle  ones  12  ft.  1J  in. 

In  order  to  simplify  and  make  clear  the  real  points  of  difference 
existing  in  the  combinations  of  the  various  plans  of  trusses  of  the  same 
general  outline,  it  may  be  stated  that  the  material  composing  any  bridge 
truss,  whether  of  wood  or  iron,  or  of  both,  is  subjected  either  to  tension  or  thrust,  and  it  is  upon 
the  proper  application  of  these  elements,  together  with  a  judicious  distribution  of  the  material 
rather  than  upon  any  difference  in  detail  that  the  perfection  of  any  bridge  structure  depends  • 
this  may  be  illustrated  by  reference  to  Figs.  1382  to  1385. 

Fig.  1382  is  the  truss  of  the  Burr  Bridge  ;  in  this  the  upper  chord  and  braces  are  acted  upon 
by  thrust,  and  the  lower  chord  and  posts  by  tension. 

Fig.  1383  is  the  Howe  Truss,  without  the  counter-braces  ;  in  this  also  the  upper  chord  and 
braces  are  subjected  to  thrust,  and  the  lower  chord  and  vertical  rods  are  acted  upon  by  tension. 

Fig.  1384  is  a  plan  of  truss  sometimes  used,  the  counter-rods  being  omitted  ;  in  this  the  upper 
chord  and  vertical  struts  are  subjected  to  thrusts,  and  the  lower  chords  and  diagonal  rods  are 
acted  upon  by  tension. 
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Upon  a  comparison  of  these  plans  it  will  be  discovered  that  the  variations  between  the  Purr 
lruBB,  Fig.  1382,  and  the  Howe  Truss,  Fig.  1383,  consist  in  the  use  of  vertical  rods  and  bearing- 
Mocks  m  the  latter,  instead  of  vertical  posts  in  the  former,  both  having  precisely  the  same  duty 
to  perform»  It  will  also  be  seen  that  Fig.  1384  varies  from  Fig.  1383,  in  that  the  rods  are  placed 
diagonally  instead  of  vertically,  changing  the  element  of  thrust  from  the  diagonal  braces  in  the 
latter  to  the  vertical  struts  m  the  former,  and  transferring  the  element  of  tension  from  the  vertical 
to  the  diagonal  line. 

Much  importance  is  sometimes  attached  to  just  such  modifications  in  detail  as  exist  in 
*igs.  ld&¿  to  1384,  while  the  nature  and  intensity  of  the  destroying  forces  are  the  same  and  equal  in 
each.  Ins  has  been  proved  by  actual  experiment,  by  the  celebrated  engineer  and  bridge-builder, 
L).  O.  McLallum,  as  follows  :— Models  were  built,  one  on  each  plan,  of  equal  length  and  height  of 
trusses,  containing  the  same  sectional  area  and  kind  of  material  in  chords  and  braces,  and  of  equal 
pertection  m  details  and  workmanship,  when  it  was  found  that  the  real  difference  in  strength  was 
unappreciable  :  and  it  may  be  well  to  add,  that  any  given  amount  placed  upon  each,  in  progress  of 
the  experiments,  presented  precisely  the  same  characteristics  and  contortions  in  shape,  until  final 
tailure  took  place.  All  bridges  having  their  chords  parallel,  irrespective  of  the  particular  method 
adopted  m  combining  them,  and  regardless  of  the  amount  of  material  used  in  their  construction, 
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when  loaded  to  nearly  the  point  of  fracture,  present  somewhat  the  same  appearance,  the  greatest 
deflection  being  invariably  at  points  near  the  abutments.  This  will  be  understood  by  the  statement 
that  the  vertical  strain  is  increased,  as  the  distance  from  the  centre,  to  the  ends  of  the  truss  •  at 
the  centre  the  vertical  strain  is  nothing,  and  at  each  end  of  the  truss  it  is  equal  to  one-half  the 
weight  of  the  structure  and  its  load. 

In  point  of  strength,  the  arrangements,  Figs.  1382  to  1384,  are  not  superior  to  the  simple 
combination,  Fig.  1385. 

All  bridges  having  their  chords  parallel  exhibit  the  same  uniformity  of  action,  and  may  be 
illustrated  by  reference  to  Fig.  1386,  in  which  A  A  is  the  upper  chord;  BB,  the  lower  chord; 
C  C,  tension-rods  ;  D  D,  braces. 

When  a  sufficient  weight  is  applied  to  any  truss  of  this  outline,  to  cause  deflection  below  the 
straight  line,  the  upper  ends  of  the  braces,  D  D,  are  made  to  approach  each  other,  and  the  distance 
between  the  ends  is  diminished  ;  and  as  the  deflection  increases,  the  upper  ends  of  the  braces,  D  D, 
will  describe  arcs,  a  b,  of  a  circle  downwards,  the  radius  of  which  being  the  length  of  the  braces, 
DD.  But  when  the  upper  chord  is  arched,  as  in  Fig.  1387,  a  sufficient  weight  will  cause  thè 
braces,  DD,  to  describe  an  arc  upwards,  represented  by  cd,  Fig.  1387.  When  the  chord,  ce, 
becomes  straight,  the  arc  will  then  be  described  downwards,  as  shown  in  Fig.  1386.  As  an 
illustration  of  the  McCallum  Inflexible  Arched  Truss,  see  Fig.  1388,  in  which  A  A  is  the  lower 
chord  ;  B  B,  the  upper  chord  ;  C  C,  tension-rods;  D  D,  braces  ;  E  E,  struts  ;  and  W,  weight. 

1386.  1337.  ,-<J 
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Upon  an  inspection  of  this  figure,  it  will  be  seen  that  any  deflection  produced  upon  the  centre 
of  the  arch,  by  means  of  the  weight  W,  will  cause  the  points  BB  to  separate,  by  thrusting 
outward,  and  in  the  direction  of  the  ends  of  the  truss,  producing  an  upward  movement  of  the 
upper  chord,  at  the  ends  of  the  braces  D  D,  the  latter  describing  arcs  of  a  circle  upward,  and  from 
thence  will  be  communicated,  by  means  of  the  tension-rods  C  C,  to  the  centre  of  the  lower  chord, 
raising  the  latter  at  the  point  where  the  rods,  CC,  meet.  By  removing  the  weight  W,  and 
inserting  a  vertical  strut  at  F,  the  upward  movement  of  the  chords  will  be  arrested  by  the 
weight  W.     This  peculiar  action  may  be  described  as  follows  : — 

Any  deflection  produced  in  the  centre  of  the  arch  will  cause  an  outward  and,  consequently,  an 
upward  force  at  the  upper  ends  of  the  braces,  which,  by  means  of  the  tension-rods  and  strut,  is 
transferred  directly  back  to  the  under- side  of  the  arch,  producing  an  upward  force  at  the  latter 
point,  equal  to  the  original  downward  force  applied  on  top  of  the  same.  This  combination  of 
forces  is  in  agreement  with  a  well-known  law,  namely,  when  two  forces  of  equal  powers  of  resistance 
are  opposed  to  each  other,  a  state  of  rest  is  produced. 

For  a  further  illustration  of  the  action  of  this  truss,  see  Fig.  1389,  in  which  A  A  are  pieces  of 
the  lower  chord,  the  centre  being  removed  ;  B  B,  upper  chord,  deflected  by  the  weight  W.  C  C 
are  braces  which  pass  through  the  lower  chord  and  rest  upon  the  masonry.  D  D  are  tension-rods. 
It  will  be  seen  that  the  ends  of  the  pieces  of  the  lower  chord  at  E  E  are  raised  considerably  above 
a  horizontal  line.    This  upward  tendency  will  continue 

until  the  upper  chord  between  B  B  is  deflected  below  13(^0' 

a  straight  line,  when  the  action  will  be  reversed. 

Fig.  1390  exhibits  the  forces  at  a  state  of  rest,  in 
which  A  A  are  portions  of  the  lower  chord  ;  B  B,  upper 
chord  ;  C  C,  arch-braces,  which  pass  through  the  lower 
chord,  and  rest  in  the  masonry;  D  D,  tension- rods  ; 
E  E,  braces  ;  W,  weight.  It  will  be  seen  that  the  strain 
produced  by  the  weight  W  is  transferred  to  the  lower 
chord  by  means  of  thrust  upon  the  braces  E  E,  to  the 
points  F  F,  and,  by  means  of  tension  on  the  rods  D  D, 
to  the  points  B  B,  and  from  thence  it  is  brought  upon 
the  arch-braces  C  C,  which  rest  upon  the  masonry.  In  this  manner  a  perfect  equilibrium  of  forces 
is  effected,  as  it  is  evident  that  the  point  G  cannot  change  position,  unless  the  points  B  B  are  thrust 
outward  towards  the  ends  of  the  truss,  which  must  raise  these  points,  this  being  prevented  by  the 
strain  upon  the  points  F  F,  communicated  by  the  weight  W,  through  the  braces  E  E. 

For  a  full  plan  of  McCallum's  Inflexible  Arched  Truss  the  reader  is  referred  to  Figs.  1391  to 
1395.     Upon  inspection,  it  will  be  observed  that  the  sustaining  principle  is  very  much  increased 
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toward  the  ends  of  the  truss,  not  only  by  the  addition  to  the  amount  of  material  at  these  points,  but 
it  will  be  seen  also  that  the  panels  become  shorter  as  the  vertical  strain  increases.  The  posts  are 
placed  upon  lines  radiating  with  the  arch  ;  the  braces  form  equal  angles  with  the  posts  ;  and  in 
this  way  the  latter  are  made  to  approach  more  nearly  together  toward  the  ends  of  the  truss.  The 
student  has  already  had  sufficient  evidence  of  the  great  strength  of  this  form  of  truss,  and' it  has 
also  been  shown  that  the  tensile  strain  upon  the  lower  chord  is  much  less  than  in  any  other  known 
plan.  In  fact,  the  latter  may  be  entirely  severed,  and  the  structure  will  still  be  competent  to 
sustain  a  heavy  load.  In  this,  it  differs  from  all  other  combinations.  ¿JHfo  &../  &  J&L  I-  / 
In  Fig.  1394,  U  is  the  upper  chord;  S,  straining  beam;  A,  arch-brace;  M,  main-brace; 
C,  counter-brace. 

Upon  referring  to  Fig.  1391,  which  represents  a  clear  span  of  180  feet,  it  will  be  seen  that  the 
arch-braces  which  rest  upon  the  abutments  are  extended  to  points  on  the  arch  about  47  ft.  from  ^ 
the  abutments.  From  the  top  of  each  set  of  arch-braces,  running  diagonally  on  each  side  of  the  ' 
truss,  are  placed  heavy  suspension-rods,  which  are  connected  with  the  lower  chords  12  ft.  farther 
from  the  masonry.  Thus  the  bridge  seat  is  substantially  transferred  to  a  point  47  ft.  towards  the 
centre  of  the  bridge,  reducing  a  span  of  180  to  86  ft.,  so  far  as  the  tensile  strain  upon  the  lower 
chord  is  concerned.  For  this  intermediate  space  of  86  ft.,  the  arch-beam  is  of  sufficient  strength 
to  sustain  the  whole  load,  if  required.  Strength,  however,  is  not  all  that  is  required,  for  a  railroad 
bridge  especially,  subject  as  it  is  to  a  moving  load  ;  there  must  also  be  rigidity,  stiffness,  and  freedom 
from  vibration.  A  bridge  may  be  strong  yet  flexible,  rigid  yet  weak  ;  in  fact,  flexibility  is  incom- 
patible with  durability  ;  the  structure  should  be  prepared  at  all  times  to  receive  its  load,  and  should 
not  be  permitted  to  change  shape  in  the  slightest  degree  by  its  passage  over  it.  To  produce  this 
result,  an  effective  system  of  counter-braces  is  indispensable. 

The  proper  office  of  counter-braces  is  frequently  misunderstood,  as  is  evident  from  the  manner 
of  their  application  in  many  cases  in  which  they  are  used  as  check-braces  only,  having  a  negative 
rather  than  a  positive  action  ;  this  may  be  readily  shown.  When  the  load  is  applied,  the  truss  is 
deflected  in  consequence  of  the  yielding  of  the  braces;  this  has  the  effect  of  shortening  the 
diagonals  in  the  direction  of  their  length,  while  the  diagonals  in  the  direction  of  the  counter- 
braces  are  correspondingly  lengthened  ;  this  will  leave  a  space  between  the  ends  of  the  latter,  and 
the  bearing-block  in  the  lower  chord.  When  the  truss  is  in  this  condition,  if  wedges  are  inserted 
between  the  ends  of  the  counter-braces  and  the  lower  chord,  in  such  a  manner  as  to  fill  up  the 
whole  space,  it  is  evident  that  the  weight  may  be  removed  without  at  all  affecting  the  shape  of 
the  truss,  the  deflection  originally  produced  by  the  weight  being  maintained  by  the  counter-braces, 
the  strain  upon  the  sustaining  braces  and  other  portions  of  the  truss  remaining  precisely  the  same 
as  when  the  weight  was  suspended. 

Now  suppose  the  original  weight  to  have  been  200  tons,  it  is  evident  that,  as  soon  as  it  is 
removed,  each  counter-brace  will  be  subjected  to  an  upward  thrust,  easily  found  from  its  position  ; 
the  sum  of  all  the  thrusts  making  200  tons.  Now  let  there  be  a  smaller  load  applied,  this  load  (\f 
will  not  produce  any  additional  strain  upon  any  portion  of  the  truss,  nor  will  ti. e  deflection  be 
increased  in  the  slightest  degree  ;  the  only  effect  produced  by  suspending  the  latter  weight  will 
be  the  relief  of  the  counter- braces,  equal  to  the  difference  between  the  first  and  second  weights. 

The  inventor  has  found  it  very  difficult  to  explain  this  clearly  in  the  course  of  conversation       ' 
with  some  individuals,  from  the  fact  that  weight  and  strain  were  confounded.     Now  it  is  true,  when  '^'  ' 
the  original  weight  was  applied  of  2ü0  tons,  the  abutments  were  loaded  with  just  200  tons  more 
than  previously,  and  the  truss  was  also  loaded  with  10  tons  more;  but  when  the  wedges  were   " 
driven,  and  the  weight  removed,  while  the  abutments  were  relieved  of  200  tons  pressure,  the  truss 
still  retained  the  original  strain  produced,  the  weight  being  required  to  produce  the  strain,  the 
latter  remaining  after  the  former  has  been  removed. 

In  order  to  make  a  practical  application  of  the  above,  the  following  method  of  adjusting  the 
Inflexible  Arched  Truss  is  submitted.  When  these  bridges  are  raised,  it  is  usual  to  load  them  with 
a  train  of  locomotive  engines,  attached  closely  to  each  other,  and  that  greater  weight  may  be 
obtained,  the  tenders  are  sometimes  detached,  and  the  bridge  covered  with  engines  only;  with 
this  load,  the  latter  is  strained  down  to  a  perfect  bearing  in  all  its  parts;  by  this  means  the  whole 
structure  is  more  or  less  deflected,  while  the  counter-braces  are  hanging  loosely  in  their  places  ; 
if,  therefore,  when  the  bridge  is  in  this  condition  with  its  load,  the  counter-braces  could  be 
lengthened  with  considerable  force,  it  would  not  recover  its  original  shape  upon  removal  of  the 
load,  but  would  be  held  down  by  the  action  of  the  counter-braces  to  very  nearly  the  same  position 
as  when  loaded.  In  this  plan  of  bridge,  the  lower  ends  of  the  counter-braces  rest  in  iron  stirrups, 
which  are  attached  to  the  vertical  ties  or  posts  at  a  point  near  the  lower  chord  by  means  of 
castings  and  nuts,  by  which  they  may  be  lengthened  several  inches  ;  in  this  manner  they  are 
made  to  perform  a  positive  duty.  When  the  bridge  is  adjusted  as  above,  it  is  clear  that  a  less  load 
than  that  originally  applied  cannot  produce  any  deflection  whatever;  the  only  effect  of  the 
passage  of  a  train  over  it  will  be  to  relieve  the  counter-braces,  and  will  not  add  a  pound  pressure 
upon  any  timber  of  the  trusses. 

In  the  arrangement  of  any  bridge  truss  the  attainment  of  the  following  requisites  is  desirable  : — 
1st.  Such  equilibrium  of  forces  as  will  produce  uniformity  of  action. 

2nd.  Such  quantity  and  distribution  of  material  as  will  ensure  a  large  surplus  of  sustaining 
principle,  thereby  guarding  the  structure  against  accident. 

3rd.  Perfect  rigidity,  that  the  combination  in  all  its  parts  may  have  permanency  equal  to  the 
durability  of  the  material  composing  the  same. 

4th.  The  arrangement  of  the  parts  should  be  such  as  to  be  free,  if  possible,  from  the  necessity 

of  adjustment.  ^ÛÛ     ,i  <%*  rtA  ìa   rdufi  A 

The  McCallum  Inflexible  Arched  Truss  meets  all  these  requirements.  ^  I 

Problem.— Let  it  be  required  to  find  the  equal  weights  w,  w,  Fig.  1396,  kept  in  a  state  of  rest 
by  a  single  weight,  W,  which  has  caused  the  arc  q  C  a  to  assume  the  chord  p  D  b,  the  rigidity  of 
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the  arc  being  neglected.     Let  B  =  the  radius  of  the  arc  q  C  a,  and  put  2  c  =  its  length  ;  then  the 
chord  q  a  and  versine  C  D  are  readily  calculated.     Let  the  chord  q  a  =  2  d,  and  C  D  =  2  e. 
Let  /  =  A  g  =  Ap  =  Ba  =  Bb  and  g  =  B  n  =  Bra  -  As  =  Ar.      Also  let  A  B  =  2  h 
2  h  —  2  d        ,            h  —a               •          ...        „  - ,       .,                                      1396, 
t =h-d,  — —  =  cos.  0,  putting  0  for  the  ^"""""^fiL 

angle  a  B  n  =  q  A  s.  .  *(^//%  f D  //^\^*> 

2J^zll=  h-  c,  2h-2c  =  AB -pb.  \J[     \  I  /        \/ 

.-    Putting  (J>  for  the  angle  b  B  n  =  _p  A  s, — — -  =  cos.  <p.    '  .  '  A  ^ 

/  —  LTJ— \A  ;  uj  ; 

.-.  £  —  0  =  angle  aB&  =  wBm  =  sAr.  _j ! \  v—' 

.-.  mn  =  g  sin.  (^  —  0). 

Then,  according  to  the  principle  of  work,  2 g  sin.  (<|)-0)w  =  2iW.      .*.  w  =  "  "  ^ 

Let  A  B  =  2  Ä.  =  188  ft.  ;  the  length  of  the  arc  q  C  a  =  the  straight  line  p  D  b  =  2  C  =  136  ft.  ; 
B  =  200  ft.  ;  m  B  =  g  =  60  ft.  ;  6  B  =  /  =  50  ft. 

It  will  be  found  that  the  arc  q  C  a  before  being  disturbed  contains  38°  57'  40"  ;  the  versine  of 
this  arc  =  11  '449  ft.  =  2e;  the  chord  =  133-39576  ft.  =  2d. 

l^-í  =  •  5460424  =  cos.  56°  54'  157  ;  (0).      -yí  =  ■  5200000  =  cos.  58°  40'  4"  ;  (». 

.-.  £  -  0  =  Io  45'  49". 
p  5*7245 

.-.    . " = ^-L-—-—  =  3-100092.     .-.  w  =  more  than  3  times  W. 

g  sin.  O  -  0)      60  sin.  (Io  45'  49") 
Consequently,  the  weight  W  before  reducing  the  arc  g  O  a  to  the  straight  line  p~D  b  must  raise 
more  than  six  times  its  own  weight  if  posited  at  s  and  n. 

Description  of  an  Iron  Bridge,  in  which  the  Forces  are  well  combined  to  meet  the  demands  of  Railway 
Traffic. — The  bridge  we  now  propose  to  describe  is  one  belonging  to  a  system  of  bridge-building 
introduced  by  Wendel  Bollman  ;  it  was  erected  at  Harper's  Ferry,  U.S.,  the  practical  working  of 
which  was  carefully  observed  by  the  editor  of  the  present  work.  This  iron  suspension  trussed 
bridge  was  124  ft.  between  the  abutments.  The  length  of  the  cast  iron  in  the  stretcher  was  128  ft. 
The  weight  of  the  cast  iron,  65,137  lbs.  ;  weight  of  wrought  iron,  33,527  lbs.  ;  making  the  total 
weight  of  cast  and  wrought  iron,  98,664  lbs. 

Fig.  1398  is  an  elevation  of  part  of  the  side,  showing  one  pier  and  part  of  the  cast-iron  stretcher. 
The  cap  is  removed  from  the  pier  to  show  how  the  rods  are  secured. 

Fig.  1397  is  an  elevation  of  both  piers  and  of  the  eight  panels  of  which  the  bridge  is  composed. 
The  system  of  arranging  the  braces  and  connecting-rods  is  exhibited  in  this  figure. 

Fig.  1401  is  a  cross-section,  showing  the  floor-bracing  and  the  position  of  the  rails.  Fig.  1401 
also  shows,  in  section,  the  roof  and  posts. 

Fig.  1400  shows  a  plan  of  the  flooring  of  the  bridge,  the  positions  of  the  rails,  and  floor-bracing. 

Fig.  1399  shows  two  posts,  part  of  the  stretcher,  and  the  diagonal  rods  in  one  of  the  panels. 

The  wrought  iron  requires  little  workmanship,  the  rods  from  the  centre  to  abutments  having 
but  an  eye  at  one  and  a  screw  at  the  other  end  ;  with  a  weld  or  two  between,  according  to  length. 
The  long  counter-rods  have  two  knuckles  and  one  swivel  for  adjustment  of  strain,  and  convenience 
in  welding,  as  well  as  in  raising  the  whole. 

The  cast-iron  stretcher  is  octagonal  without,  circular  within,  and  averages  1  in.  of  metal.  It 
is  cast  in  lengths  according  to  the  length  of  panel,  and  jointed  in  the  simplest  manner, — at  one 
end  of  each  length  is  a  tenon,  at  the  other  a  socket.  The  latter  is  bored  out,  and  the  tenon  and 
its  shoulder  turned  off  in  a  lathe  to  fit  the  socket;  thus,  when  thoroughly  joined,  to  form  one  con- 
tinuous pipe  between  abutments.  The  ends  of  the  sections  of  cylinders,  inserted  into  those 
contiguous,  are  slightly  rounded,  to  allow  a  small  angular  movement  without  risk  of  joint  fracture. 
A  cast-iron  plate  or  washer  sets  on  a  bracket  cast  with  each  abutment  end  of  stretcher,  and  at 
right  angles  to  the  centre  acting-rods.  The  tension-bars  are  passed  through  this  washer  to  receive 
a  screw-nut  for  the  erection  and  adjustment  of  the  system.  The  stretcher  or  straining  beam,  the 
vertical  posts,  and  suspension-bars,  compose  the  essential  features  of  the  bridge:  each  post  being 
hung  by  two  bars  from  both  ends  of  the  stretcher  independently  of  all  the  others  ;  and  each  post 
and  pair  of  tension-bars  forming  with  the  stretcher  a  separate  truss.  This  system,  perfect  in 
itself,  is  additionally  connected  by  diagonal  rods  in  each  panel  ;  also  by  light  hollow  castings, 
acting  as  struts.  The  diagonal  side  rods  might  be  safely  dispensed  with  ;  for  the  peculiar  merit 
of  the  truss  is  its  perfect  independence  of  such  provision.  They  are  therefore  used  as  a  safeguard 
only  in  case  of  the  fracture  of  any  of  the  principal  suspension -rods. 

By  this  combination  of  cast  and  wrought  iron,  the  former  is  in  a  state  of  compression,  the  latter 
in  that  of  tension  ;  the  proper  condition  of  the  two  metals.  It  unites  the  principles  of  the  Suspension 
and  of  the  Truss  bridges,  Each  bar  performs  its  own  part  in  supporting  the  load  in  proportion  to  its 
distance  from  the  abutment;  so  that  the  entire  series  of  suspending-rods  transmits  the  same  tension 
to  the  points  of  support  as  would  be  equally  transmitted  from  thence  to  the  centre  of  the  bridge. 

This  bridge,  it  will  be  seen,  is  composed  of  seven  independent  trusses,  which  transfer  the 
Weight  concentrated  on  each  floor  beam  directly  to  the  abutments,  without  aid  from  any  other 
connection  ;  and  not  from  panel  to  panel,  as  in  general  use.  The  strain  on  cast  and  wrought  iron 
is  wholly  in  direct  lino;  and  the  result,  the  least  quantity  of  metal  is  required  to  carry  a  given 
weight.  The  weight  of  bridge  and  load  has  a  vertical  pressure  on  the  piers,  towers,  &c,  the  only 
horizontal  thrust  being  from  the  expansion  of  iron,  which  may  be  accommodated  by  rollers,  sliding 
"ii  an  abutment  bracket  placed  over  the  pedestal,  or  by  other  means;  the  necessary  dimensions  of 
masonry  therefore  become  moderate. 
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It  is  evident,  from  an  inspection  of  the  cuts,  that  no  chord  is  requisite  at  the  bottom  of  the* 
truss  to  resist  tension  ;  the  only  advantage  of  that  employed  is  to  regulate  the  movement  produced 
by  expansion,  in  the  performance  of  which  agency  the  resistance  is  one  to  compression.  Although 
the  abutment-bracket  casting  and  its  pedestal  were  so  constructed  as  to  admit  of  accommodation 
to  expansion,  by  rollers,  yet  such  contrivance  was  omitted  with  the  view  of  fully  testing  the  effect 
of  greatest  expansion  throughout  the  system. 

This  bridge  was  inspected  by  the  writer,  ten  months  after  it  was  erected  at  Harper's  Ferry  ; 
during  which  time  it  had  been  exposed  to  extremes  of  cold  and  heat,  and  to  an  average  run  of 
twenty  trains  daily.  From  the  closest  inspection,  we  find  that  the  extreme  expansion  measures, 
as  near  as  possible,  ^  in.  on  each  tower,  or  f  in.  in  the  entire  length,  128  ft.  of  stretcher  ;  and  without 
the  slightest  perceptible  derangement  of  masonry  ;  the  dimensions  of  which  are  4  ft.  square  of  base, 
12  ft.  high,  and  2  ft.  9  in.  at  top. 

While  on  the  subject  of  expansion,  it  may  be  well  to  notice  the  effect  from  difference  in 
expansion  of  the  rods.  At  the  first  point  of  suspension,  or  where  the  longest  and  shortest  rods 
meet,  the  counter-rod  is  about  four  and  a  half  times  longer  than  the  acting-rod  ;  and  the  expansion 
of  the  counter  is  four  and  a  half  times  that  of  the  acting-rod.  But  there  is  also  a  proportionate 
difference  in  the  lengths  of  stretcher  from  the  point  directly  over  the  centre  of  connection  to  the 
extremities  of  these  rods.  This  has  been  practically  proved  in  this  bridge.  The  suspender  bolt, 
when  the  expansion  is  extreme  or  f  in.  in  Jength  of  stretcher,  exhibits  a  motive  difference  of 
T3g  in.  toward  the  short  or  acting  rod  ;  which  difference  is  provided  for,  as  seen  by  slot,  dotted  in 
elevation,  where  the  vertical  suspender  bolt  moves  to  accommodate  any  such  difference,  and  to 
give  that  proportion  of  weight  to  each  rod  according  to  the  angle.  It  affords  easy  access  for 
repairs  ;  for  instance,  should  a  new  floor  beam  be  required,  it  is  but  needed  to  slacken  the  horizontal 
rod  and  the  keys  in  longitudinal  strut,  remove  the  washer  under  point  of  suspension,  and  let  down 
the  beam  to  be  replaced  :  which  can  be  done  without  trestling  up  any  part  of  the  bridge.  In  case 
of  fire,  the  floor  may  be  entirely  consumed  without  any  injury  to  the  side  truss. 

The  permanent  principle  in  bridge-building,  sustained  throughout  this  mode  of  structure,  and 
in  which  there  is  such  gain  in  competition  with  every  other,  namely,  the  direct  transfer  of  weight 
to  the  abutments,  renders  the  calculation  simple,  the  expense  certain,  and  facilitates  the  erection 
of  secure,  economical,  and  durable  structures. 

Details. — Kesistance  of  cast-iron  stretcher  G- H  to  compression,  177,511    lbs.,  or  4930  lbs.  the 
sq.  in.     Half  weight  of  bridge  and  load  :  weight  of  iron,  24,000  lbs.  ;  weight  of  wood,  15,000  lbs. 
weight  of  load,  184,000  lbs.  ;   momentum,  25,000  lbs.  =  248,000  lbs. 

Size  of  Acting-rods.  "^/a& 

-  2  bars  l|x|    I    No.  3  section  of  iron  3  97  =  2  bars  2x1 
=  2     „    lfx  1    |    No.  4       „  „      431- 2    „    2\  x  1 

Strain  on  Acting-rods. 

>T     ,    26761-8  x  25 

No.  1, — =  39355  lbs.  strain. 

„     _    23007-8  x  38 

No.  2,  — =  49674  lbs.      „ 

XT     _    19254-1  x  52 

No.  3, — =  55623  lbs.      „ 

lo 

XT     ..    15500  x  67 

No.  4,  18-5  =  56136  lbs.      „ 

Weight  on  Acting-rods. 

No.  1,  31,000  -  4,238-2  =  26,761-8. 

„  2,  31,000-  7,992  2  =  23,007-8. 

„  3,  31,000  -  11,745  9  =  19,254  1. 

Value  of  Iron  in  Acting-rods. 

No  1  /  16'000  tûe  S(l-  in.  ;  2  rods  7  in.  diameter,  length  23  ft.  2  in. 

'  \  2  bars  |x  1J  in.  diameter,  25  ft.  3  in.  length. 

No.  2,  15,000  the  sq.  in.  ;  2  bars  7  in.  x  If  in.  diameter,  38  ft.  length. 

No.  3,  14,000  the  sq.  in.  ;  2  bars  7  in.  x  2  in.,  length  52  ft.  5  in. 

Size  of  Counter-rods. 
A  g  ;     No.  1  section  of  iron  2'5  =  2  bars  l5-  x  3 
A/:     N(>-^        »  „      3-9  =  2     „     2S  x  1. 

Ae->     No.  3        „  „      4-5  =  2     „     2ixl. 


No. 

1  section  of  iron  2  '  46 

No. 

2              »                     » 

3-31 

¿'=3&r 

fL~  9-f^ 

Jam 

Ah 

8*2-0 

Ah; 

' 

s4ß 

Al; 

8-/&0 

Strain  on  Counter-rods. 
XT     ,      4238-2  X  112 

'    — üFö =  25712  lbs- 8trahl- 

x.  _   7992-2  x  97 

No.  2,  -   _ L_  =  430G9  lbs.   „ 

x.  .,  11745-9  x  82 
°':'    17.5"—  =  55037  lbs.   „ 


Weight  on  Counter-rods. 

XT     ,    31000  x  17-5 

No.  1, ^ =    4238  2. 

XT     0    31000  x  33 

'  Ï28 =    7"2  2' 

XT     0    31000  x  48  5 

N°-3' 128 11WB'* 
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Value  of  Iron  in  Counter-rods, 
No.  1,  10,000  the  sq.  in.  ;  2  bars  1  X  If,  length  112  ft.  7  in. 
No.  2,  11,000  the  sq.  in.  ;  2  bars  1x2,  „  97  ft.  4  in. 
No.  3,  12,000  the  sq.  in.  ;  2  bars  1  x  2|,       „         82  ft.  1|  in. 

Value  of  iron  in  counter-rod  0, 13,000  the  sq.  in.  ;  2  bars  1  x  2\,  length  66  ft.  11  in.    Length  of 

248000 
posts,  15  ft.  ;  diameter  of  posts,  6  in.  ;  weight  on  each  post,  ■ — - —  =  31000  lbs.     Diagonal  braces, 

1  in.  diameter,  22  ft.  9  in.  in  length. 

Trial  made  on  the  1st  day  of  June,  1852,  to  prove  the  Capability  of  this  Bridge. — Three  first-class 
tonnage  engines,  with  three  tenders,  were  first  carefully  weighed,  and  then  run  upon  the  bridge, 
at  the  same  time  nearly  covering  its  whole  length,  and  weighing  in  the  aggregate  273,550  lbs  Tor 
136i^j§  tons  nett,  being  over  a  ton  for  each  foot  in  length  of  the  bridge.  This  burden  was  tried  at 
about  eight  miles  an  hour,  and  the  deflections,  according  to  gauges  properly  set  and  reliable  in 
their  action,  were  at  centre  post  If",  and  at  the  first  post  from  abutment  -^  of  an  in.  From  this 
test  it  is  found  that  the  load  did  not  cover  the  entire  length  of  bridge  by  about  13  ft.,  yet  the  excess 
of  weight  in  the  middle,  and  at  a  speed  of  about  eight  miles  an  hour,  produced  no  greater  deflec- 
tion than  If  of  an  in.  at  the  centre  post,  and  -^  of  an  in.  at  the  first  point  from  abutment. 

Before  proceeding  farther,  it  is  necessary  to  point  out  some  serious  mistakes  made  by  experi- 
menters and  writers  on  the  strength  of  materials.  When  discussing  the  strength  of  girders  resting 
on  supports,  the  editor  of  the  present  work,  in  his  new  theory  of  the  strength  of  materials,  first 
pointed  out  fallacies  involved  through  introducing  an  imaginary  line,  termed  the  neutral  axis, 
and  merely  investigating  the  upright  laminas  of  the  material.  We  do  not  propose  to  discuss  this 
subject  thoroughly  here,  but  to  show  how  errors  may  be  involved  when  the  strength  of  girders 
is  considered  with  respect  to  forces  supposed  to  act  only  in  parallel  upright  planes.  See  '  Civil 
Engineer  and  Architect's  Journal,'  June,  1846. 

If  a  beam,  Q  R,  Fig.  1402,  rests  loosely  on  two  supports,  A  and  B,  and  is  loaded  in  the 
middle  with  a  weight,  W,  which  deflects  it  ;  before  the  weight  is  placed  on  the  beam 
ab  —  pq  =  c  d;  and  ef=  r  s  —  nm;  but  when 
the  beam  is  deflected  by  W,  p  q  is  greater 
than  a  b  or  c  d,  and  r  s  is  less  than  either  ef 
or  mn.  Before  the  beam  is  loaded  it  is  sup- 
posed to  be  rectangular  ;  in  most  cases  this 
change  of  form  may  be  detected  by  expe- 
riment. Although  the  nature  of  the  ma- 
terial and  amount  of  pressure  may  render 
this  change  of  form  imperceptible,  yet 
these  forces  acting  across  the  girder,  in 
the  directions  of  p  q  r  s,  are  in  operation, 
loosening  bolts,  buckling  and  puckering 
upright  sheets,  and  so  on.  This  action 
should  be  carefully  attended  to  by  engi- 
neers in  constructing  girders,  whether  solid,  hollow,  or  composed  of  skeleton  frames. 

The  material  at  rs  is  wire-drawn  and  compressed,  while  at  pq  the  material  becomes  upset, 
extended,  and  loosened,  according  to  the  elastic  limit  and  nature  of  the  girder.  The  current 
erroneous  theory  of  the  strength  of  materials  supposes,  when  the  beam  is  bent  by  a  weight,  W,  the 
fibres  are  compressed  at  p  q  and  extended  at  r  s,  without  alteration  of  breadth  ;  that  is,  p  q  remains 
—  ab  or  c  d,  and  also  =  rs  or  ef.  A  portion  of  the  body  will  often  be  forced  out  near  the  line  p  q  ; 
but  when  the  substance  supporting  the  weight  is  tough,  the  separation  may  take  place  irregularly 
and  diagonally,  with  a  sliding  cutting  motion,  and  not  directly  through  the  plane  pq  rs,  in  the 
middle.  ^S      /  ~  @   A/    £:  J^,   fcs    I  Hy  (<L  V 

Stone  Bridges. — The  art  of  constructing  stone  bridges  has  always  been  and  still  is  as  much  the 
domain  of  practice  as  of  theory  The  long  and  intricate  calculations  which  it  is  necessary  to  go 
through  in  determining  the  principal  dimensions  of  a  stone  bridge,  though  these  calculations  are 
always,  with  a  wise  precaution,  subordinated  to  practice  ;  the  little  time  which  those  upon  whom 
the  guidance  of  engineering  works  devolves  have  to  devote  to  the  calculations,  and  the  dispatch 
with  which  projects  have  to  be  designed  and  executed  ;  and  other  considerations  affecting  skilful 
builders  who,  for  want  of  time  or  opportunity,  have  failed  to  gain  sufficient  theoretical  knowledge, 
the  absence  of  which  might  be  compensated  for  by  their  long  practice  aided  by  a  few  simple  and  precise 
principles — all  this  has  induced  Edmond  Roy,  the  experienced  French  engineer,  to  compress  into 
a  few  pages  some  practical  information  and  formulas,  into  which  enter  only  the  simplest  elements 
of  arithmetic  and  geometry,  and  by  means  of  which  may  be  readily  determined  the  dimensions  of 
aqueducts,  bridges,  viaducts,  and  retaining  walls. 

Before  proceeding  farther,  we  give  this  practical  epitome  of  Roy  :  it  speaks  for  itself. 

Empirical  Formels  serving  to  determine  the  Principal  Dimensions  of  Bridges  in  Masonry 
of  Semicircular,  Elliptical,  Segmental,  and  Gothic  Forms. 

Depth  of  Masonry  at  the  Crovm  and  Form  of  the  Curve  of  the  Intrados. — Up  to  the  present  time 
the  greater  number  of  empirical  formulas  giving  the  depth  of  masonry  at  the  crown  determine  tins 
depth  in  consideration  of  the  span  alone.  In  this  way  a  bridge  having  a  semicircular  or  an  ellip- 
tical arch,  even  if  the  latter  be  depressed  to  the  degree  of  ^  ought,  in  accordance  with  these 
formulas,  to  possess  an  equal  depth  at  the  crown.  Such  are  the  formulas  of  Perronet,  of  Gauthey, 
and  of  Rondelet. 

These  formulae  appear  to  us  defective  ;  in  proof  of  which  we  might  point  out  the  great  difference 


\k 


684  BRIDGE. 

which  exists  between  the  dimensions  of  the  masterpieces  of  the  celebrated  Perronet  and  those  which 
they  would  have  had  if  his  formula  had  been  applied. 

In  determining  the  thickness  at  the  crown,  we  ought  evidently  to  take  into  consideration  :— 

1.  The  span  of  the  arch. 

2.  The  degree  of  depression. 

The  greatest  radius  of  the  curve  of  the  intrados  and  the  magnitude  of  the  arc  of  the  intrados 
alone  corresponding  with  these  two  conditions,  the  depth  at  the  crown  in  segmental  bridges  must 
be  determined  by  the  former  of  these  two  quantities  or  by  the  two  combined.  It  is  also  obvious 
that  the  lateral  thrust  upon  the  abutments  with  the  depression  given  to  the  arch,  and  the  dimensions 
of  the  abutments  at  the  springing,  will  therefore  be  determined  by  the  radii  of  the  curves  of  the 
intrados.  All  other  dimensions  will  follow,  generally,  from  the  depth  at  the  crown. 
Signification  of  the  Letters  employed  in  the  Formula;. 

Q  =  the  span  of  the  arch. 

R  =  the  longest  radius  serving  to  determine  the  depth  at  the  crown. 

F  =  the  rise,  or  distance  between  the  level  of  the  impost  and  the  summit  of  the  intrados. 

C  =  the  depth  at  the  crown. 

Semicircular  Arches. 

We  have  jj  _  _Q_ .  r-p 

A 

F  =  »  =  •§-.-  C2] 

r,  T      !  /  C  =  0-30  +  0-07R;  [3] 

General  values..  |  Oz=0.30  +  0.08i  L[4j 

Formula  [3]  is  applied  by  us  to  any  span,  with  ordinary  materials. 

Formula  [4]  is  applicable  to  cases  in  which  materials  of  feeble  resistance  are  employed,  such  as 
certain  kinds  of  freestone.  The  dimensions  denoted  by  this  formula  are  not  excessive  for  spans  of 
less  than  12  or  15  mètres,  and  it  may  with  propriety  be  employed. 

Arches  heavily  banked.— In  the  case  of  arches  supporting  thick  masses  of  embankment,  it  will  be 
necessary  to  add  to  the  depth  at  the  crown  in  the  proportion  of  0  •  02  for  each  mètre  of  embankment 
above  the  extrados. 

Elliptical  Arches. — In  the  elliptical  arch  the  radius  of  the  upper  segment,  which  is  the  longest 
radius,  may,  in  accordance  with  the  various  conditions  according  to  which  we  wish  to  construct  the 
curve  of  the  arch,  have  many  dimensions  for  the  same  span  and  the  same  rise.  We  shall  therefore, 
in  order  to  have  a  uniform  formula  for  elliptical  arches,  always  consider  as  a  basis  of  calculation 
that  the  curve  is  of  3  centres  only,  with  segments  of  60°.  It  will  not,  however,  be  necessary 
always  to  construct  the  curve  of  the  intrados  with  3  centres  ;  it  may  be  of  3,  5,  7,  or  9,  as  may  be 
deemed  expedient  ;  we  have  chosen  3  merely  as  a  uniform  basis  of  calculation.  It  is  plain  that  a 
curve  of  5,  7,  or  9  centres,  substituted  for  one  of  3  which  has  served  as  a  basis  of  calculation,  must 
have  the  same  rise  as  the  latter.  Our  opinion  is  that  the  curve  of  3  centres  should  never  be 
employed,  as  it  must  of  necessity  be  angular. 

2.  The  mode  of  calculation  which  we  have  adopted  fixes  a  priori  the  utmost  limit  of  depression 
which  it  is  proper  to  give  to  elliptical  arches,  and  consequently  indicates  the  moment  when  we 
should  begin  to  employ  the  segment. 

The  general  value  of  R  in  cases  of  curves  with  3  centres,  the  arcs  of  which  are  of  60°,  is 

R  =  Q  x  1-183  -  1-366  F.  [5] 

Let  r  represent  the  radius  of  the  lesser  arcs,  then  r  =  Q  —  R    [61.      If  we  make  F  =  0  '  131 
O 
X  Q°r^Tg,  we  have  R  =  Q  x  1-183  -  1-366  x  0-131  x  Q;   whence  R  =  Q  x  1,  and 

r  =  Q  -  R  =  0. 
This  result  agrees  with  the  geometrical  principle,  that  the  chord  of  an  arc  of  60°  is  equal  to  the 
radius. 

Thus,  according  to  our  principles,  the  employment  of  arches  of  the  elliptical  form  is  limited 

between  F  =  £  Q  and  F  =  -%  . 

7  "46 

On  the  other  hand,  if  we  compare  the  section  of  the  ellipse,  Fig.  1407,  which  is  depressed 
F 
to—  =  0-20  with  the  segment  of  60°  or  0-134  x  Q  =  F,  drawn  in  a  dotted  line  near  it,  we  shall 

Bee  that  the  aperture,  or  vent,  which  would  result  from  the  employment  of  each  of  these  two 
curves  would  be  the  same,  or  nearly  so  ;  the  difference  will  be  still  less  on  comparing  the  segment 
before  mentioned  with  the  curve  of  Fig.  1404.  In  this  latter  case  it  is  indeed  nothing.  Practically, 
then,  there  would  be  no  advantage  whatever  in  employing  an  elliptical  arch  having  a  rise  of  less 
than  M)f  the  span,  because  in  such  a  case  we  should  have  a  curve  too  much  depressed  at  the 
summit,  and  because  this  ellipse  might  be  advantageously  replaced  by  a  segment  with  a  rise 

of  affording  a  vent  equal  to  that  of  the  ellipse. 

In  practice  elliptical  arches  having  a  rise  of  less  than  -i  of  the  span  have  never  been  employed. 
General  Values  of  the  Elements  serving  to  determine  the  depth  at  the  crown  of  elliptical  arches  : — 

R  =  0  x  1-183  -  1-366F; 

C  =  0-30  + 0-05  R.  [7] 

Plan  of  Curves  with  several  Centres. — Let  A  B,  Fig.  1403,  be  the  span  of  the  arch,  and  IF  the 
perpendicular  on  the  middle  of  A  13  =  the  rise. 
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Describe  the  half-circumference  AFB  with  §  A  B  for  a  radius. 

Divide  the  half-circumference  AF'B  into  as  many  equal  parts  as  there  are  to  be  centres. 

Produce  the  perpendicular  I  F  as  far  as  F',  the  point  where  it  cuts  the  half-circumference  and 
divides  the  top  segment  into  two  equal  parts. 

Draw  the  chords  B  1,  1  2,  2  F',  F'  3,  3  4,  4  A.  Take  upon  A  B  any  two  points  r,  at  equal 
distances  from  the  extremities  A  and  B,  which  will  be  the  centres  of  the  first  arc  of  the  curve  and 
the  radius  of  which  will  be  B  r.  Through  the  point  r  draw  r  o  parallel  to  the  radius  1 1  which 
will  cut  the  chord  B  1  in  o  and  B  o,  and  be  the  chord  of  the  first  arc.  Through  the  point  o  draw  op 
parallel  to  the  chord  1  2  ;  through  the  point  F  draw  ¥p  parallel  to  the  chord  2  F'  :  the  point  of 
intersection  p  of  the  latter  two  parallels  will  determine  the  chord  op  of  the  second  arc  and  the 
chord  ^  F  of  the  half  arc  of  the  summit.  Through  the  point  p  drawing  p  B  parallel  to  1  2,  which 
will  cut  in  r  the  radius  or  produced,  and  in  B  the  perpendicular  I  F  produced,  the  axis  of  the 
arch:  the  points  r'  and  B  will  be  the  centres  of  the  second  arc  and  of  the  arc  of  the  summit. 
Figs.  1404,  1405,  give  illustrations  of  curves  with  7  centres.  It  will  be  seen  that  the  construction 
is  exactly  the  same  ;  but  the  first  two  radii  may  be  taken  at  pleasure,  and  the  third,  that  of  the 
arc  of  the  summit,  may  be  determined  as  for  Fig.  1403,  which  is  the  case  of  a  curve  with  5 
centres  only. 

It  follows  from  the  means  which  we  have  pointed  out  that  it  would  be  necessary  to  proceed 
cautiously,  in  order  to  give  the  proper  dimensions  to  the  smaller  radii  necessary  to  produce  a 
regular  and  graceful  curve  approaching  as  near  as  possible  to  the  ellipse.  To  avoid  this  we  have 
drawn  up  Tables  applicable  to  the  describing  of  curves  with  5  and  7  centres,  and  by  means  of 
which  we  may  determine  by  a  simple  multiplication  the  length  to  be  given  to  the  first  lesser 
radii  of  the  curves. 

There  are  only  two  distinct  conditions  according  to  which  elliptical  curves  may  be  traced  : — 

1.  Supposing  that  the  angles  in  the  centre  of  each  of  the  arcs  are  equal  to  each  other. 

2.  That  the  magnitudes  of  the  arcs  are  equal. 

We  give  Tables  Nos.  I.  and  IL,  which  satisfy  the  former  condition,  and  Nos.  III.  and  TV., 
which  satisfy  the  latter  for  curves  with  5  and  7  centres. 


Elliptical  Aeches  of  5  and  7  Centres,  equal  Angled. 
No.  I.  No.  II. 


5  centres,  Angles  = — - 
Proporäons  : 


Of  the  Rise 

7 

—  to  the  Span. 


Of  the  1st  Radius 
o  r 
— —  to  the  Span. 


7  centres,  Angles  = 


25°  43'. 


Proportions  : 


Of  the  Rise 

-  to  the  Spai 


Of  the  1st  Radius   Of  the  2nd  Radius 
or  \  pr' 

— —  to  the  Span.     — —  to  the  Span. 


0-36 
0-35 
0-34 
0-33 
0-32 
0-31 
(1)  0-30 
0-29 
0-28 


0-278 
0  265 
0-252 
0  239 
0-225 
0-212 
0-198 
0-185 
0  171 


0 

30 

0 

192 

0 

29 

0 

180 

0 

28 

0 

168 

0 

27 

0 

156 

0 

26 

0 

145 

0 

25 

0 

133 

0 

24 

0 

123 

0 

23 

0 

113 

e 

22 

0 

104 

0 

21 

0 

095 

(2)  0 

20 

0 

086 

0-276 
0-263 
0-249 
0-236 
0-223 
0-210 
0-148 
0-187 
0-177 
0-166 
0-155 


Elliptical  Aeches,  with  Aecs  of  neaely  equal  Magnitudes. 

No.  III. 


5  Centres. 


Proportions  : 


Of  the  Rise      ;  Of  the  1st  Radius 
F  i   or 

—  to  the  Span.  I  — -  to  the  Span. 
Q  I    Q 


0-36 
0-35 
0-34 
0-33 
0-32 
0-31 
0-30 
0-29 
0-28 


0-300 
0-289 
0-279 
0-268 
0-257 
0-246 
0-235 
0-224 
0-213 


Of  the  1st  Radius 
with  the  Horizontal 
Line  of  the  Springing. 


Of  the  1st  Radius 
with  the  2nd. 


49  0 

50  20 

51  40 

53  0 

54  20 

55  40 

57  0 

58  20 

59  40 


32  0 

30  40 

29  20 

28  0 

26  40 

25  20 

24  0 

23  40 

22  20 


Of  the  2nd 
Radius  with 
the  Vertical. 
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Elliptical  Aeches  with  Arcs  of  nearly  equal  Magnitudes.    7  Centres. 

No.  IV. 


Pkopoktions  : 

Angles  : 

Of  the  Rise  F 

to  the  Span  Q. 

Of  the  1st 
Radius  orto 
the  Span  Q. 

Of  the  2nd 

Radius  p  r  to 

the  Span  Q. 

Of  the  1st 

Radius  with  the 
Horizontal  Line 
of  the  Springing. 

Of  the  1st 

Radius  with  the 

2nd. 

Of  the  2nd 

Radius  with  the 

3rd. 

Of  the  3rd 
Radius  with 
the  Vertical. 

0  30 

0-220 

0-431 

o 

44     53 

O            i 

22     37 

o 

16    30 

O              / 

6      0 

0-29 

0-210 

0 

425 

45     30 

22     30 

16       0 

6       0 

0-28 

0-200 

0 

419 

46      7 

22     22 

15     30 

6      0 

0-27 

0-190 

0 

413 

46     45 

22     15 

15       0 

6      0 

0-26 

0-180 

0 

406 

47     23 

22      7 

14     30 

6      0 

0-25 

0-170 

0 

400 

48       0 

22      0 

14      0 

6      0 

0-24 

0-160 

0 

394 

48     37 

21     53 

13    30 

6      0 

0-23 

0-150 

0 

388 

49     14 

21     46 

13      0 

6      0 

0-22 

0-140 

0 

382 

49     51 

21     39 

12     30 

6      0 

021 

0-130 

0 

376 

50     28 

21     32 

12      0 

6      0 

(3)  0-20 

0-120 

0-370 

51       0 

21     30 

12      0 

5     30 

Note.— The  horizontal  columns  marked  by  the  figures  (1),  (2),  (3),  correspond  to  the  examples  given  in  Figs.  1403  to  1405. 
1403.  1404.  1405. 


<<r--\'  7s  «»  fit    Jr^x  ^ 


,f?i>      \ 


H*  _»       !f     / X*  4&  ■-'  ^  '  !     N  '     v> 

&  "i-  \\.  \\ 

!  v  \ 

r i 


*        i 

r  VJ  I 

i 


F  2«3 A.  \\" 


¡r    S  Centres 


\     I      / 
\&  / 


1406. 


1407. 


The  rise  and  span  of  an  arch  being  given,  divide  the  rise  by  the  span;  the  quotient  —  will 
be  one  of  the  numbers  of  the  first  column  on  the  left,  or  near  it  :  the  products  of  the  span  by  the 
>  -.portions  corresponding  to  this  quotient,  situated  on  the  same  horizontal  line,  will  give  the 
ti.'  Mli!i¿am  r  r         near      e  SUmmÍt  °f  the  CUrve  must  be  determiiSd  from 

It  is  necessary  to  remark  that  in  the  application  of  Tables  Nos.  III.  and  IV  in  which  the 
angles  in  the  centre  are  not  equal  to  each  other,  the  divisions  of  the  half-circumfe rene Tmust  be 
made  according  to  the  angles  indicated  in  these  Tables.     See  application  Fi"    1405 

lhe  principles  of  our  Tables  have  nothing  absolute  about  them;  they  may  be' varied  on  the 
plan  and  the  number  of  centres  increased,  if  it  be  found  that  the  limits  are  too  rLtóctd  for 
the  construction  employed  for  5  and  7  centres  is  analogous  to  that  to  be  employed  for  9  11  or  13 
centres.  Only  the  flatness  of  the  curve  at  the  summit  is  proportional  Ä increase in the 
number  of  centres,  and  greater  care  is  needed  in  the  construction  of  the  plan  Our  Tables  are 
designed  only  to  give,  within  practical  limits,  the  means  of  avoiding    he  necessity  of  mSring 
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experiments,  and  of  obtaining  a  priori  the  required  curves.  Our  general  formula  [5]  gives  the 
values  of  the  radii  for  a  curve  of  3  centres  with  angles  in  the  centres  equal. 

We  do  not  advise  the  adoption  of  the  curve  of  3  centres  for  a  depression  of  less  than  0  ■  36, 
for  in  the  two  viaducts  of  Port-de-Piles  and  of  Auzon  (railway  from  Tours  to  Bordeaux),  in  the  con- 
struction of  which  Eoy  took  part,  the  former  having  three  arches  of  31  mètres,  and  the  latter  five 
arches  of  20  mètres.  The  designs  for  elliptical  arches  of  3  centres  with  angles  in  the  centres 
equal,  gave  a  depression  of  0"33.  In  the  execution  of  these  works,  recourse  was  obliged  to  be 
had  to  curves  of  5  centres,  because  with  3  centres  only  there  was  a  very  distinct  angle  at  each 
change  of  curvature. 

Tracing  the  Ellipsis. — 1.  Gardener's  ellipsis. 

Let  A  B,  Fig.  1406,  be  the  span  of  the  arch  and  major  axis  of  the  ellipsis.  Upon  the  middle  of 
A  B  raise  the  perpendicular  I  F  equal  to  the  rise  of  the  arch,  which  will  be  half  the  minor  axis  of 
tue  ellipsis.  From  the  point  F,  as  a  centre  with  J  A  B  or  I  B  as  a  radius,  describe  an  arc  cutting 
the  line  A  B  in  two  points,  to  and  to',  which  will  be  the  foci  of  the  ellipsis.  If  at  the  foci  m  and  to' 
we  fix  the  ends  of  a  thread,  the  whole  length  of  which  is  equal  to  A  B,  the  major  axis  of  the 
ellipsis,  and  with  a  style  keeping  the  thread  equally  tense,  we  move  it  round  from  B  to  F  and  A, 
the  style  will  trace  a  curve  which  will  be  an  ellipsis,  and  the  right  lines  ma,  m' a;  and  ma',  m  a', 
drawn  from  the  points  a  and  a'  to  the  foci  m  and  m',  are  radii  vectores,  and  they  show  the  positions 
of  the  thread  as  the  style  moves  round. 

1.  The  line  bisecting  the  angle  formed  by  the  two  radii  vectores  from  the  same  point  in  the 
ellipsis  is  a  normal  to  the  curve  in  this  point.  This  property  of  the  ellipsis  will  furnish  us  with 
a  ready  means  of  determining  the  joints  of  the  voussoirs.    We  will  return  to  this  subject  presently. 

2.  The  plan  of  describing  an  ellipsis  by  means  of  a  thread  is  applicable  only  to  the  laying  out  of 
gardens,  from  which  its  name  is  derived.  For  plans  of  arches  where  a  very  exact  curve  is  required, 
we  propose  the  following  method  : — 

Substitute  for  the  ordinary  thread  a  piece  of  wire,  the  diameter  of  which  should  be  from  h  to  i 
of  a  millimètre  ;  at  the  foci  to  and  to',  Figs.  1408,  1409,  fix  two  pins,  which  will  serve  as  points  of 
rotation;    one   of  these   pins  passes 

through  a  hole  in  the  middle  of  a  1^08, 

pair  of  pincers,  closing  with  a  screw, 
the  use  of  which  is  to  hold  firmly  one 
end  of  the  wire  ;  the  other  pin  has  a 
ring  attached  to  it,  to  which  the  other 
end  of  the  wire  is  fixed.     The  part  d 
of  the  pincers  is  intended  to  balance 
the  part  c.     Instead  of  pincers,  the 
part  c  might  have  a  small  cylinder 
with  a  ratchet  wheel,     to  is  a  small 
fiat  piece  of  board,  mounted  on  three 
rollers  turning  on  their  centres  ;  6  is  a  hori- 
zontal pulley  of  0  •  05  in.  diameter  turning  on 
a  vertical  axis  fixed  in  the  board  to;    around 
this  pulley  passes  the  wire  which  guides  the 
elliptic  track  that  must  be  followed  by  the 
board  to;   through  a  hole  in  the  board  at  q 
passes  a  style,  loaded  a  little,  if  necessary,  to 
render  its  trace  upon  the  plan  plainly  visible. 
The  board  to  must  always  be  moved,  so  that 
the  hole  q  is  on  the  bisecting  line  of  the  angle 
formed  by  the  radii  vectores.     The  curve  thus 
described  will  be  yet  more  exact  if  the  pin  of 
the  pulley  be  made  hollow  to  enable  the  style 
to  pass  through  it. 

Tracing  an  Ellipsis  through  Points. — Let  A  B, 
Fig.  1410,  =  Q,  i  the  middle  of  A  B,  and  the  per- 
pendicular i  F  =  F.    The  foci  to  and  to  will  Le  k  < 
determined  in  the  manner  shown,  Figs.  1408  to 

AB 
1410.    From  the  point  i  as  a  centre  with  A  i  or  —  - 

At  the  point  A,  the  extremity  of  the  major  axis,  erect  the  perpendicular  A  N  upon  A  B,  equal  to 
A  to',  the  distance  from  the  focus  to  the  extremity  of  the  major  axis.  Joining  the  points  D  and 
N,  the  straight  line  ~D  N  produced  will  meet  the  major  axis  A  B  produced  to  a  point  K  ;  the  straight 
line  D  N  possesses  properties  which  form  the  basis  of  the  method  we  are  about  to  point  out. 

1.  It  will  be  a  tangent  to  the  ellipsis  at  the  point  where  it  is  met  by  a  perpendicular  to  the 
mai  or  axis»  erected  from  the  focus  to'. 

2.  All  the  perpendiculars  to  A  B,  erected  from  any  points  between  A  and  i  and  included  between 
A  B  and  D  N,  will  be  equal  to  the  radius  vector  passing  through  the  point  in  which  the  ellipsis 
would  be  met  by  each  of  these  perpendiculars  respectively. 

If,  then,  we  take  upon  A  i  any  points  1,  2,  3,  &c,  and  erect  the  perpendiculars  to  AB  11',  — 
m'n,  —  22',  —  33',  which  will  meet  the  straight  line  DN  in  the  points  1',  -  n',  —  2',  -  3',  by 
describing  arcs  of  circles  with  the  focus  to'  as  a  centre  and  radii  equal  to  the  perpendiculars  11, 
—  to'  n',  —  22',  —  33',  between  A  B  and  D  N,  the  point  in  which  each  of  the  arcs  cuts  the  perpen- 
dicular which  has  determined  its  radius  will  be  a  point  in  the  ellipsis  n,  n\  n",  n'". 

If  we  now  trace  a  curve  passing  through  all  the  points  thus  obtained,  we  shall  have  the  quarter 
of  an  ellipsis,  and  the  other  half  of  the  arch  may  be  formed  in  the  same  way. 


1410. 


as  a  radius,  describe  the  part  of  the  circle  A  D. 
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3.  Numerical  value  of  the  position  of  the  foci. 

We  have  as  the  value  of  the  distance  from  the  middle  of  the  major  axis  to  the  foci  .- 


Ira' 


a/Q2 


F,  because  of  the  rectangular  triangle  rri  i  F. 


4.  Numerical  value  of  the  position  of  the  line  D  K. 

We  have  as  the  value  of  the  distance  from  the  middle  of  the  major  axis  to  the  point  K  where 

Q2 

the  line  D  N  meets  the  major  axis  i  k  = 


Kand 


D  N  Ï,  whence  D  »  =  — 


4 


F2 


5.  Values  of  the  ordinates  of  the  ellipsis. 

The  perpendiculars  In,—  m'  ri,  -  2  n",  —  3  »"',  included  between  the  major  axis  and  the  curve, 
are  the  ordinates  of  the  ellipsis.  The  parts  of  the  major  axis  measured  from  its  extremity  A  :  Al, 
—  A  m\  —  A  2,  —  A  3,  are  the  abscisssB  of  the  above-mentioned  ordinates.  Representing  the 
abscissae  by  x  and  the  ordinates  by  y. 


Section  of  Elliptical  Arches. — We  have  y 


=  2Jlv/(1 


Q 


the  area  of  an  ellipsis  being  equal 


1411. 


fe  o 


to  ir,  multiplied  by  the  product  of  the  two  half-axes,  and  representing  the  section  of  the  arch  by  S, 

we  have  S  =  — ; —  . 
4 

Determining  the  Joints  of  the  Voussoirs. — When  the  thickness  at  the  crown  and  at  the  springing 
has  been  decided  upon,  the  thickness  at  the  springing  being  greater  than  that  at  the  crown,  it  will 
be  necessary  to  trace  the  mean  ellipsis,  having  just  determined  its  foci  :  upon  this  ellipsis  must  be 
marked  the  divisions  of  the  course  of  voussoirs.  In  each  of  these  joints  of  division  will  be  deter- 
mined the  bisecting  line  y  p  of  the  angle  formed  by  the  two  radii 
vectores  drawn  from  each  point  of  division,  Fig.  1410. 

Segmental  Arches. — General  values  of  the  radius,  rise  and  mag- 
nitude. 

The  chord  of  an  arc  or  the  span  of  a  segmental  arch  being 
given,  the  radius  of  this  arc  is  determined  according  to  two  different 
conditions,  see  Fig.  1411. 

1.  The  rise  required. 

2.  The  magnitude  in  degrees  and  minutes  which  it  is  neces- 
sary to  give  to  this  arc. 

The  rise  being  =  F,  and  the  magnitude  equal  A,  we  shall 
have  for  R  and  F  the  following  values  : — 


[8] 


[9] 
[10] 

[H] 
[12] 

Note  on  Trigonometry. — It  will  be  necessary  to  give  a  few  explanations  of  the  chief  terms  used 
in  trigonometry,  to  enable  those  of  our  readers  who  have  not  studied  that  science  to  employ  the 
formulai  we  have  just  adduced.  The  sine  of  an  angle  abc,  Fig.  1412,  which  we  will  call  a 
is  the  perpendicular  m  n  let  fall  upon  c  b  from  the  point  ra,  where  one  of  the  1412. 

sides  meets  an  arc  described  from  the  summit  b,  as  a  centre  with  a  radius  {- 
of  1.  The  cosine  of  an  angle  is  the  portion  of  the  side  c  b  included  between 
the  point  n,  the  bottom  of  the  perpendicular,  and  the  summit  b  of  the  angle, 
the  centre  of  the  arc.  The  sine  of  an  arc  is  the  perpendicular  a  d  let  fall 
from  one  of  the  extremities,  a,  of  the  arc  upon  the  radius  c  b,  passing 
through  the  other  extremity,  c,  of  the  arc.  The  cosine  of  an  arc  is  that 
portion  of  the  radius  included  between  the  end  of  the  sinus  d  and  the 
centre  b  of  the  arc.  The  portion  c  d  is  called  the  versed  sine,  and  is  equal 
to  the  radius  c  ö  of  the  arc,  minus  the  cosine  d  b.     The  tangent  of  an  arc,  °     d     n  l 

a  c,  is  the  perpendicular  c  t  erected  from  the  extremity  of  one  of  its  extreme  radii,  c  b,  and  included 
between  its  point  of  contact,  c,  and  the  point,  t,  where  it  is  met  by  the  other  extreme  radius,  a  b, 
produced.     The  cotangent  is  the  tangent  of  the  complement  of  the  arc. 

Chief  Relations  of  the  Trigonometrical  Lines.— The  sinus  of  an  angle  or  of  an  arc  is  equal  to  the 
cosinus  of  its  complement.  The  tangent  of  an  angle  or  of  an  arc  is  equal  to  the  cotangent  of  its 
complement,  hence  the  formula)  :— Sin.  a  =  cos.  (90°  —  a);   .    .    .    .  tang,  a  =  cot.  (90°  —  a). 

There  are  two  kinds  of  tables  giving  the  values  of  the  trigonometrical  lines  :  those  giving  the 
logarithms  of  the  values  of  these  lines,  and  those  giving  their  natural  values.  Of  the  former  kind 
are  the  tables  of  Callet  and  De  Lalaude  ;  of  the  latter  are  the  tables  of  Richard,  and  those  contained 


R  = 

O2 
F2  +  ^. 

2F     ' 

=  R- 

-  vB._ 

Q2. 

4  *' 

R-- 

Q 

2  sin.  a  ' 

sin. 
=  R 

Q 

a  =  2ir 

—  cos.  a  x 

R. 

N 
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in  the  works  of  Claudel  and  Chevallot.  All  tables  are  calculated  for  arcs  having  a  radius  of  1 . 
They  are  usually  arranged  in  the  following  manner  :  the  number  of  degrees  is  marked  at  the  top 
of  the  page  from  0  to  45°,  and  at  the  bottom  from  45°  to  90°,  because,  as  we  have  said,  the  sine, 
tangent,  cotangent,  and  cosine  of  an  arc  are  equal  respectively  to  the  cosine,  cotangent,  tangent,  and 
sine  of  their  complement.  The  number  of  minutes  for  angles  or  arcs  from  0  to  45°  are  found  on 
the  left  of  the  page,  and  for  angles  or  arcs  from  45°  to  90°  the  numbers  are  on  the  right  of  the  page. 
The  values  which  are  found  in  the  horizontal  line  of  each  number  of  minutes,  in  tables  of  log. 
sines,  cosines,  &c,  are  the  logarithms  of  the  natural  values  of  the  sine,  tangent,  cotangent,  and. 
cosine  of  the  angle  or  arc  whose  magnitude  is  expressed  by  the  number  of  degrees  at  the  top  or 
bottom  of  the  page,  increased  by  the  number  of  minutes  found  in  the  left  column  for  the  degrees 
which  are  marked  at  the  top,  and  in  the  right  column  for  degrees  marked  at  the  bottom.  All  these 
values,  it  must  be  remembered,  are  calculated  for  a  radius  of  1.  In  tables  of  log.  sines,  &c,  the 
index  is  increased  by  10. 

From  the  fact  of  the  values  of  the  trigonometrical  lines  being  given  for  a  radius  of  1,  it  follows 
from  a  comparison  of  the  similar  triangles  a  cl  b  and  m  n  6,  that  the  sine,  tangent,  cotangent,  and 
cosine  of  arcs  of  different  radii  are  to  each  other  as  their  radii.  Thus,  when  the  value  of  a  trigo- 
nometrical line  has  been  found  in  the  tables,  we  have  to  multiply  this  value  by  the  radius  of  the 
arc  in  question  in  order  to  obtain  its  true  value.  The  operations  on  the  logarithms  of  the  values 
of  these  lines  are  performed  in  the  same  way  as  on  ordinary  logarithms,  and  it  will  be  necessary  to 
remember  that  the  characteristic  of  all  these  logarithms  (Tables  of  Hutton)  is  increased  by 
10  units,  and  that  the  decimal  part  is  always  positive. 

Formula  giving  the  Depth  at  the  Crown,  and  the  Proportions  op  the  Radius  to  the 
Rise,  for  Arcs  of  given  Magnitudes. 


Elements  of  the 

àacs. 

Depth  at  the  Crown  =  C. 

Magnitude. 

Radius  =  R. 

Rise  =  F. 

o 
120 
90 
60 
50 
40 

Q  x  0-577 
Q  x  0-707 
Q  x  1-000 
Q  x  1-183 
Q  x  1-462 

Q  x  0-289 
Q  x  0-207 
Q  x  0-134 
Q  x  0-111 
Q  x  0-092 

0-30  + 0-07  R;  [13] 
0-30  + 0-05  R;  [14] 
0-30  4- 0-04  R;  [15] 
0-30  +  0-03  R-  [16] 
0-30  +  0-02  R;  [17] 

Segments  having  Magnitudes  intermediate  to  those  given  in  the  preceding  Table. — To  determine  the 
depth  at  the  crown  of  segmental  arches  having  magnitudes  intermediate  to  those  given  in  the 
Table,  find  the  depth  with  the  radius  of  the  arc  to  be  employed  for  the  two  magnitudes  between 
which  that  of  the  given  arc  lies  ;  a  fourth  proportional  to  the  difference  of  the  extreme  magnitudes, 
to  the  difference  of  the  depths  at  the  crown  corresponding  to  these  magnitudes  and  to  the  difference 
between  the  given  and  one  of  the  extreme  magnitudes,  will  be  the  qiiantity  which  must  be  added 
to  or  subtracted  from  the  depth  at  the  crown  corresponding  to  the  extreme  magnitude  which  has 
served  to  determine  the  fourth  term  of  the  proportion. 

Example. — Let  it  be  required  to  determine  the  depth  at  the  crown  of  a  segmental  arch  of  76° 
with  a  radius  of  10  metres. 

We  shall  have  for  90°  and  R  =  10m  ;    C  =  0  ■  80 
and  for        ..      ..  60°  and  R  =  10m  ;    C  =  070 


Therefore 


30: 


Differences 
90°  _  76° 


whence  x 


010 
0-046. 
0'754,  this  arch  would  have  Q  =  12r 


0-10  x         '  30 

Hence  for  76°  and  R  =  10-00;  C  =  0'80  -  0*046  =  0*754,  this  arch  would  have  Q  =  12m'312, 
F  =  2m-12. 

The  operation  we  have  indicated  will  be  indispensable  only  in  the  case  of  arcs  of  magnitudes 
lyino-  between  120°  and  90°,  and  90°  and  60°,  because  below  60°  the  formulai  giving  the  value  of 
C  for  variations  of  10°  and  the  coefficients  of  R  varying  also  by  10  thousandths,  it  will  be  sufficient 
to  add  to  the  coefficient  of  the  magnitude  next  smaller,  that  of  the  one  given,  as  many  thousandths 
as  there  are  degrees  of  difference  between  them. 

By  performing  an  analogous  operation  upon  the  rise,  the  calculation  of  magnitudes  may  be 
avoided.  The  differences  obtained  will  not  be  exactly  the  same,  but  they  will  be  near  enough  for 
practice,  and  the  employment  of  trigonometry  may  thus  be  dispensed  with. 

Referring  to  the  foregoing  example,  we  have:  R  =  10™  ;  F  =  2m-12:  Q  =  12m-312,   whence 

-  =  0*172.     The  proportion  of  the  rise  to  the  span  is  included  between  the  proportions  0  207 

and  0-134  of  the  formulai,  Nos.  14  and  15.    Proceeding  in  the  same  way  as  for  magnitudes,  we 
shall  have 

z 

Q 
F 


for 


=  0-207 


10m 


R  =  10- 


(V 


0-70; 


Differences 


0  073 


010 


2Y 
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Establishing  the  proportion 
F 


0-073      0-207-0-172 


Hence  for 


0-10 
0-172  and  R  =  10m<00,   C 


we  shall  have  x 


0-10  x  0-35 
0-073 


=  0-048. 


0m*752. 


Thus  this  example  proves  that  the  radius  and  the  rise  of  an  arch  being  given,  we  may 
determine  the  depth  at  the  crown  easily  by  the  aid  of  our  formula  without  first  considering 
magnitudes. 

Gothic  Arches. — The  best  form  of  Gothic  arch  is  that  consisting  of  two  segments  of  60°,  in  which 
R  =  Q.  It  is  for  this  form  only  that  we  give  a  value  for  the  depth  at  the  crown,  measured  like 
all  the  preceding  according  to  the  vertical  passing  through  the  summit  of  the  arch. 

In  this  case  F  =  Q  x  0  •  866  ;  [18] 

and        C  =  0-30  +  0-04R.  [19] 

Lateral  Thrust  of  Arches. — The  following  formula  will  furnish  a  means  of  verifying  the  depths 
at  the  crown,  determined  according  to  our  formula,  and  the  arrangement  of  the  extrados,  which  we 
will  discuss  later.  This  formula  denoting  the  horizontal  thrust  at  the  key  is  given  regardless  of 
an  overweight  or  an  accidental  weight. 

T  =  the  horizontal  thrust  for  a  given  length  of  the  arch. 
d  =  the  weight  per  cubic  mètre  of  the  masonry. 
C  =  the  depth  at  the  crown. 

r  =  the  radius  of  the  intrados  in  semicircular  arehes  ;  the  radius  of  the  curve  at  the  summit 
in  arches  with  any  kind  of  intrados. 

We  have  T  =  4~  (2  C  r  +  C2)  .  [20] 

Arches  of  Cellars. — The  depth  at  the  crown  of  arches  for  cellars  of  dwelling-houses  will  be  equal 
to  the  half  of  that  of  an  arch  of  a  bridge,  of  the  same  form  and  the  same  dimensions  (span  and 

rise)  -£ 

Arches  of  Buildings. — The  depth  at  the  crown  of  arches  of  buildings,  such  as  arches  of  churches, 

will  be  equal  to  ^-=  of  that  of  an  arch  of  a  bridge,  of  the  same  form  and  the  same  dimensions 

(span  and  rise)  ■ 

à  "  OU 

Modification  op  the  Depth  at  the  Crown  according  to  the  Nature  op  the  Materials 
employed,  and  the  greatest  radius  of  curvature. 
The  Radius  of  Curvature  and  the  Employment  of  Material. — The  general  formulae  for  the  depth  at 
the  crown  given  in  the  preceding  chapter  were  composed  on  the  hypothesis  that  the  employment 
of  materials  of  various  kinds,  forming  the  intrados  of  arches,  would  be  subject  to  the  dimensions 
minima  and  maxima  of  the  greatest  radius  of  curvature  of  the  arches,  and  which  are  shown  in  the 
following  Table  : — 


Pressure  or 

square  0*01 

Nature  of  the  Materials  employed. 

Maximum  Radius 

Mean  Depth. 

borne  by  the  Masonry  : 

At  the 

At  the  Base  of 

Crown. 

the  Piers. 

Rough  unhewn  stone  and  concrete 

2  -00  to  (3  -00) 

k. 
1-00 

k. 
5-00 

Unhewn  stone,  regular  in  shape,  such  as) 

calcareous  limestones,   laminated    tra-> 

4-00  to  (5-00) 

0-25  to  0-30 

2-50 

8-00 

chy te,  or  rough-hewn  stone   . ,              . .  ) 

Stone  slightly  hewn  and  bevelled 

8-00 

033 

4-00 

12-00 

Hewn  or  joggled  stone  and  bricks   . , 

14-00 

0-40 

5-50 

15  00 

Cut  or  free  stone 

20-00 

0-60 

7-00 

20-00 

Above  a  radius  of  20  the  mean  depth  of  the  cut  stone  should  be  increased  by  0-03  for  each  extra 

mètre  of  radius. 

This  Table  has  been  constructed  on  the  supposition  that  lime  only  moderately  hydraulic  will 
be  used.  For  cases  in  which  lime  eminently  hydraulic  is  employed,  the  values  3m,00  and 
5m  •  00  are  given. 

The  slightly  hewn  stone,  or  ashlar,  as  we  understand  it,  should  have  its  beds  bevelled  to  the 
extent  of  0-12,  and  the  remainder  of  the  bed  not  too  much  cut  away;  the  joints  should  be  per- 
pendicular to  the  facing  to  the  extent  of  0-08.  Hewn  or  joggled,  stone  should  have  0-20  of 
its  beds  bevelled,  the  remainder  of  the  bed  not  too  much  cut  away,  and  0  •  10  of  the  joints  square 
with  the  facing.  Cut  or  free  stone  should  have  0-40  of  its  beds  bevelled,  and  0-25  of  the  joints 
square  with  the  facing.  These  regulations  for  the  cutting  of  the  stone  constitute  the  utmost 
allowance  which  may  be  made  if  the  work  is  to  be  properly  executed. 

Tt  is  easily  conceived  that  if,  in  the  construction  of  an  arch,  whose  greatest  radius  of  curvature 
is  14  mètres,  in  which  case  we  might  employ  hewn  stone  having  a  mean  depth  of  0m-40,  we  use 
cut  stone  having  a  mean  depth  of  0*60,  this  latter  having  a  larger  bed,  the  pressure  will  be  spread 
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over  a  larger  surface  of  stone  lying  well  together  and  01  great  resisting  power  The  masonry  of 
rough  stone  for  filling  up  the  haunches  might,  in  such  a  case,  be  reduced  in  proportion  to  this 
spread  of  the  pressure  over  a  wider  and  well-resisting  surface. 

Modification  of  Depth  at  the  Crown  ~ Having  regard  to  the  preceding  considerations,  in  order  to 
take  into  account  the  various  kinds  of  materials  employed,  with  respect  to— 1,  the  radius  of  curvature 
to  which  it  is  to  be  applied  ;  2,  the  maxima  to  which  each  of  them  may  be  employed  accordino-  to 
the  resistance  it  offers,  and  in  accordance  with  the  spirit  of  the  general  formula  which  we  have 
given  ;  we  have  adopted  the  following  rule  for  cases  in  which  it  is  required  to  substitute  for  the 
materials  considered  in  the  general  formula,  as  seen  in  the  preceding  Table,  other  materials  capable 
of  more  or  less  resistance. 

C  =  depth  at  the  crown  according  to  the  general  formula. 

R  —  the  radius  of  the  intrados  serving  to  determine  the  depth  at  the  crown. 

Let  E'  =  the  radius  maxima  for  the  materials  to  be  substituted  for  those  which  might  be 
employed,  according  to  the  preceding  Table,  and  O  =  the  depth  at  the  crown,  modified  by  the 
materials  substituted  for  those  considered  in  the  general  formula  of  the  Table. 

Q 

We  shall  then  have  C  = [211 

/R'  L    J 

V  r 

Example  1. — Let  us  consider  a  bridge  with  an  elliptical  arch  in  which  R  =  8m  •  00,  and  in  the 
construction  of  which  slightly  hewn  stone  might  be  employed.  Supposing  that  it  is  wished  to 
substitute  for  it  cut  stone,  we  shall  have  R'  =  20*00. 

General  value;  C  =  0-30  +  0-05  R  =  0  -70,  whence  C  =  — — -  =  0-51. 

/  zu 

The  Table  shows  that  for  a  radius  of  20m,00  the  cut  stone  should  have  a  mean  depth  of  0*60  ; 
when  the  result  obtained  is  below  this  limit  the  conditions  are  changed,  and  this  shows  that  the 
radius  maxima  for  the  materials  should  be  less  than  20  mètres.  We  conclude  from  this  that  hewn 
stone  should  be  substituted  for  cut  stone,  in  order  to  keep  within  the  limits  assigned  to  each  of 
these  kinds  of  materials  ;  and  we  shall  have  on  this  last  hypothesis  : — 

O-.-l™         o-M. 

/14m 

Example  2. — Let  us  consider  the  viaduct  of  St.  Germain,  inserted  under  No.  8  in  the  Compara- 
tive Table. 

We  have  R  =  5  "00.     Being  semicircular,  C  =  0  30  +  0'07  R  =  0*65. 

In  this  case,  according  to  the  Table,  slightly  hewn  stone  should  have  been  used  ;  but  unhewn 
millstone  grit  was  employed,  for  which  the  Table  gives  R'  =  2*00; 

hence  C  =  -^í  =  1'02. 


V\ 


The  engineer,  M.  Flachat,  gave  0m,95. 

These  two  examples  thus  prove  that  the  rule  we  have  established  takes  into  account  all  the 
conditions  of  resistance  which  result  from  the  employment  of  different  kinds  of  material. 

The  first  example  leads  to  the  following  conclusion  : — Whenever  the  thickness  at  the  crown, 
found  for  a  kind  of  material  that  has  been  substituted  for  that  which,  in  accordance  with  the 
Table,  might  have  been  employed,  is  less  than  the  mean  depth  of  the  materials  substituted,  which 
depth  is  fixed  in  the  Table,  we  ought  to  consider  this  substitution  as  impossible,  and,  further,  to 
determine  the  minimum  thickness  at  the  crown  with  a  kind  of  material  of  which  the  mean  depth 
should  not  be  greater  than  the  thickness  found  for  the  crown.  By  proceeding  in  this  manner,  we 
shall  keep  within  the  bounds  of  safety,  and  be  guided  by  a  spirit  of  economy,  which  ought,  except 
in  circumstances  of  an  extraordinary  nature,  to  be  considered  in  every  undertaking.  This  minimum 
thickness  being  thus  determined,  it  is  obvious  that  it  will  be  always  allowable  to  employ  cut  for 
hewn  stone,  and  hewn  for  slightly  hewn  stone, 

Power  of  Resistance. — It  will  be  advantageous  to  give  the  results  of  experiments  made  upon 
various  kinds  of  stone  and  mortar,  in  order  to  obtain  a  general  knowledge  of  their  powers  of  resist- 
ance. It  will  be  necessary,  however,  to  remember  that  these  experiments  were  made  in  tlio 
laboratory,  where  time  and  destructive  atmospheric  agents  could  have  no  effect.  All  bodies 
possess  more  or  less  elasticity;  under  the  action  of  compression,  or  the  reverse,  their  particles 
approach  to  or  recede  from  each  other  ;  these  actions  have  limits  beyond  which  bodies  lose  tho 
power  of  resuming  their  primitive  forms  when  the  pressure  is  taken  off,  and  other  limits  beyond 
which,  the  force  of  cohesion  being  exceeded  and  overcome,  a  rupture  of  the  particles  takes  place: 
the  former  is  the  limit  of  elasticity,  the  latter  the  limit  of  resistance  to  a  crushing  or  a  tractive 
power.  As  compression  is,  generally  speaking,  the  sole  influence  to  which  masonry  is  subjected, 
we  shall  consider  its  employment  only  with  regard  to  this.  In  practice,  stone  may  be  considered 
as  incompressible;  but  when  the  pressure  is  exerted  to  a  certain  extent  the  hardest  ily  to  pieces. 
The  softer  divide  into  two  pyramids,  whose  bases  are  the  upper  and  under  surface  of  the  stone, 
and  whose  summits  are  situated  towards  the  centre  ;  the  side  portions  are  driven  outwards  in  the 
form  of  splinters.  It  has  been  remarked  that  stones  begin  to  crack  as  soon  as  the  pressure  exceeds 
the  half  of  that  required  to  crush  them  ;  it  is,  therefore,  at  this  moment  that  the  cohesion  of  the 
particles  is  destroyed,  and  it  is  evident  that  this  is  the  point  which  must  not  be  exceeded  in  the 
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case  of  masonry  having  a  weight  to  support.  Even  this  limit  should  not  be  reached  if  the  supports 
are  isolated. 

Experiments  have  shown  that  the  weight  which  prismatic  stones  of  the  same  nature  will  sup- 
port increases  nearly  as  their  density.  The  weight  which  stones  of  the  same  form  and  nature  will 
support  is  proportional  to  the  areas  of  the  transverse  sections.  The  resisting  powers  of  three  prisms 
of  the  same  weight  and  the  same  nature,  having  equal  bases,  are  to  each  other  as  the  numbers 
703,  806,  and  917,  according  as  their  bases  are  respectively  rectangular,  square,  or  circular; 
which  shows  that  with  an  equal  section  a  stone  increases  its  power  of  resistance  in  proportion  as  it 
assumes  the  cylindrical  form. 

Representing  the  resisting  power  ot  the  cube  by  1,  that  of  the  inscribed  cylinder  will 
be  0  •  08  ;  that  of  the  same  cylinder,  placed  upon  a  sharp  edge,  0  •  32  ;  and  that  of  the  inscribed 
sphere  0-26. 

It  is  easier  to  crush  several  stones  placed  one  upon  another  than  a  solid  block  of  the  same  form, 
the  same  dimensions,  and  the  same  nature.  For  three  cubes  placed  one  upon  another,  Eondelet 
discovered  that  the  resistance  was  reduced  about  f ,  a  result  which  the  interposition  bf  mortar 
diminishes,  and  which  is  explained  by  the  want  of  perfect  contact  of  the  surfaces.  According 
to  Vicat,  a  cube  of  0  ■  03  loses  £  of  its  strength  when  it  is  formed  of  eight  small  cubes,  and  i  when 
it  is  composed  of  four  equal  prisms  with  fixed  joints. 

It  follows  from  these  facts  that,  having  regard  to  the  imperfections  in  the  execution  of  work, 
in  practice  the  permanent  weight  should  not  exceed  -^  of  that  necessary  to  fracture  the  stone,  and 
that,  further,  in  structures  composed  of  ordinary  stone  or  of  small  materials  the  ^  or  even  the  -^ 
should  not  be  exceeded.     In  the  slightest  structures  the  £  is  not  exceeded. 

According  to  Vicat,  a  piece  of  masonry,  composed  of  cut  stone,  will,  after  five  months,  support  a 
weight  of  200,000  kilogrammes  per  sq.  mètre  without  any  alteration  of  surface,  and  an  average  of 
40,000  kilogrammes  when  constructed  of  unhewn  stone  lying  well  together,  with  mortar  moderately 
hydraulic.  The  quality  of  the  mortar  employed  may  increase  or  diminish  the  powers  of  resistance, 
as  is  shown  in  our  Table  of  pressures  which  the  masonry  has  to  support.  We  give  for  arches  a 
force  of  pressure  which  is  about  I  or  ^  of  that  proposed  by  Vicat,  and  for  perpendicular  masonry  it 
is  nearly  the  same. 

Table  of  the  Weight  of  a  Cubic  Mètee  of  the  diffeeent  Mateeials  employed  in  Masoney 

WOEKS,   WITH   THE   PEESSTJEE   PEE   SqUAEE    CENTIMETEE   NECESSAEY   TO   CEUSH   THEM. 


Nature  of  the  Materials. 


Basalt  and  porphyry      

Granite  generally 

Sandstone,  hard       . .      . .      

„  soft         

Calcareous,  chonchyllious  and  hard     

„  compact  (lithographic,  lias)     

„  oolite  (globulous)       

„  sandy    

Bricks,  well  burnt  and  hard 

„       ordinary  burnt  (Belgian) 

Ordinary  plaster,  mixed  stiff,  30  hours  after  use       .  ". 

„  „        less  stiff     

Concrete  with  hydraulic  lime,  6  months  after  use    . . 

Mortar,  hydraulic  lime,  15  days  after  use 

„        highly  hydraulic  lime,  15  days  after  use      .. 
„        Vassy  cement,  half  sand,  15  days  after  mixing 
„        highly  hydraulic  lime,  14  years  after  use    . . 

„        ordinary  hydraulic 

,,        strong  lime         

See  Specific  Geavity. 


"Weight  of  a 
Cubic  Mètre. 


kilos. 
2900 
2710 
2570 
2490 
2500 
2500 
2100 
2000 
1600 
2160 
1570 

1830 


Crushing  Pressure 

to  the  Square 

Centimètre. 


kilos. 

2000 

620 

890 

4 

400 

300 

110 

100 

140 

100 

50 

40 

40 

4 

8 

150 

154 

80 

20 


Note. — These  resistances  have  been  determined  by  experimenting  upon  cubes  having  a  dimension  of  0*03  to  0*05. 

Plan  of  the  Curves  of  the  Extrados. — Tracina  the  Curves  of  the  Extrados. — In  arches  constructed 
in  one  of  the  usual  forms  the  pressure  which  acts  through  the  curve  of  the  arch,  called  the  curve 
of  pressure,  is  the  resultant  of  all  the  forces  acting  upon  this  arch;  and  it  is  a  principle  that 
this  pressure  should  increase  from  the  crown  to  the  springing.  Hence  it  is  necessary,  to  ensure 
the  stability  of  the  arch,  that  none  of  the  points  of  this  curve  be  without  the  section  of  the 
arch  ;  for  in  such  a  case  the  pressure  would  not  be  directly  supported.  From  this  fact,  and  from 
the  principle  alluded  to  above,  it  follows  that  the  thickness  of  an  arch,  measured  normally  at  the 
intrados,  which  serves  as  a  basis  for  the  form  of  the  curve  of  pressure,  should  increase  from  the 
crown  to  the  springing. 

We  admit  with  M.  Dujardin,  author  of  '  Koutine  des  Voûte»/  that  an  extrados  constructed  so  that 
the  vertical  projection  from  the  part  of  the  radius  of  curvature  of  the  curve  of  the  intrados,  produced  to 
any  point  bctvicen  the  intrados  and  the  extrados,  be  always  equal  to  the  depth  at  the  crown,  complies 
sufficiently  with  the  conditions  of  an  increase  of  pressure,  and  gives  the  dimensions  of  the  haunches 
of  an  arch  in  a  way  to  render  the  disposal  of  the  masonry  similar  -ft»  all  points,  Fig.  1413. 
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Let  o  A  =  R  and  6  d  =  C.  Take  any  radius,  o  m,  and  at  the  point  m  erect  a  vertical  mh  =  bd 
=  C  ;  through  the  point  h  draw  the  horizontal,  meeting-  the  radius  o  m  in  the  point  »,  to  which  the 
latter  has  been  produced  ;  the  point  n  will  be  a  point 
of  the  curve  of  the  extrados,  and  m  n  the  thickness  of 
the  arch  at  the  haunches.  Proceed  in  a  like  manner 
for  m' ri.  By  joining  all  the  points  thus  found  we 
shall  have  the  curve  of  the  extrados. 

The  numerical  value  of  the  thickness  of  the  arch 
at  the  haunches  will  be  as  follows  : — 

Representing  the  angle  b  o  m,  formed  by  the  radius 
drawn  to  a  point  m,  at  which  point  it  is  required  to 
find  the  thickness  of  the  arch  by  a  ;  and  the  thickness 

C 

of  the  arch  bv  e  ;  we  have  b  d  =  C  ;    and  e  = 

J  cos.  a  o  A 

This  method  of  tracing  the  curve  of  the  extrados  is  simple  and  practical.  Figs.  1414  to  1416 
are  examples  of  arches  of  10  mètres  span. 

Fig.  1414  is  a  semicircular  arch;  Fig.  1415  a  segmental  arch  of  60°;  and  Fig.  1416  an 
elliptical  arch.     The  slope  of  the  abutments  is  in  each  case  a.    In  the  arch,  Fig.  1416,  the  joint 

of  rupture  is  determined  by  -=-  =  -=- .     In  Fig.  1414  the  joint  of  rupture  is  at  an  angle  of  60° 

with  the  vertical. 

Depths  of  the  Crown. 

Semicircular  arches      C  =  0-30  +  0-07  R. 

Elliptical        C  =  0-30+  0-05  R. 

Segmental  of  60° C  =  0-30  +  0-04  R. 

„  of50° C  =  0--30  +  0-03R. 

of40° C  =  0-30  +  0-02  R. 

Gothic C  =  0-30  +  0  04R. 


Values  of  R. 


Semicircular  arches 
Elliptical 


Segmental 


Q 

R  =  Q  x  1-183- 1-366  F. 
F-  +  I  Q2 


R  = 


2F 
Q 


sin.  a 
Gothic     R  =  Q. 

Thickness  of  the  Abutments  at  the  Springings. 

In  all  cases      E  =  0-20  +  0-30  (R  +  2  C). 

Gothic      E  =  0-20  +  0-15(R  +  2C). 


Thickness  of  the  Piers  at  the  Springings. 


With  1  to  8m  span , 


and  over 


P  =  2- 
P  =  3 


50  x  C. 
x  C. 


Strengthening  of  the  Head-bands  at  the  Springings. 
iQx  0-025. 

1414. 


Example  1.— Application  of  the  method  to  a  semicircular  arch  :  A  B  =  Q  ;  C  D  =C,  Fig.  1414. 
Upon  oc  perpendicular  to  the  line  of  the  springing  A  B,  erect  from  the  centre  o  of  the  curre  oí  the 
intrados,  a  line  oo'  =  CD  =  C  the  depth  at  the  crown;  and  remark  that  o'D  =  oC  =  R  ;  from 
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the  point  o'  draw  o'  A'  parallel  to  the  line  of  the  springing.  Producing  the  radii  o  c',  o  c",  o  c"\  and 
so  on  ;  these  radii  will  cut  the  line  o'  A'  in  the  points  1',  2',  3',  and  so  on  ;  if  we  now  continue  these 
radii  from  the  points  1,  2,  3,  and  so  on,  where  each  of  them  cuts  the  line  AB  to  the  points 
1',  2',  3',  4',  5',  6',  7',  making  them  equal  to  o'  ~D  and  equal  also  to  the  radius  of  the  curve  of 
the  intrados,  we  shall  obtain  a  series  of  points  D,  1',  2',  3',  4',  5',  6',  7',  which  will  determine  the 
curve  of  the  extrados. 

Eemarking  that  each  of  the  portions  0  1,  0  2,  0  3,  and  so  on,  is  equal  to  e'l',  c"2",  e'"3"',  and 
that  o  o'  =  C  is  the  vertical  projection  from  the  portions  of  the  radii  0  1,  0  2,  0  3,  we  see  that  this 
construction  exactly  fulfils  the  conditions  already  mentioned  ;  that  the  vertical  projection  from  a 
part  of  the  radius  of  curvature  of  the  curve  of  an  arch  produced  to  any  point  within  the  intrados 
and  the  extrados  is  always  equal  to  the  depth  at  the  crown. 

We  would  remark  that  the  curve  in  question  will  never  descend  (in  semicircular  and  elliptical 
bridges)  to  the  level  of  the  springing  ;  for  this  curve  which  is  determined  by  the  sliding  of  the 
extremity  o'  of  a  line  o'  D  along  a  line  o'  A',  parallel  to  that  of  the  springing  and  distant  from  this 
latter  by  a  quantity  equal  to  the  depth  at  the  crown,  the  direction  of  which  in  this  sliding  motion 
is  compelled  to  pass  constantly  through,  the  point  o,  the  centre  of  the  curve  of  the  intrados,  this 
curve  is  a  conchoid  of  which  o'  A' 

is  the  asymptote.    The  point  of  the  1415- 

curve  of  the  extrados  nearest  the 
plane  of  the  springing  will  therefore 
be  measured  by  infinity,  and  its 
distance  from  this  plane  would  then 
be  equal  to  the  depth  at  the  crown. 

Example  2. — For  the  segment 
we  have  proceeded  in  the  same  way 
as  for  the  semicircle  ;  the  deter- 
mining of  the  curve  of  the  extrados 
stopping  with  the  last  radius  o  A, 
Fig.  1415,  it  follows  that  the  abut- 
ment rises  above  the  plane  of  the 
springing  by  a  quantity  equal  to 
the  depth  at  the  crown.  In  prac- 
tice the  extrados  of  the  arch  must 
be  made  to  coincide  with  the  top 
of  the  abutment  according  to  the 
dotted  line. 

Example  3.— For  the  elliptical 
arch  with  five  centres,  Fig.  1416, 
we  have  proceeded  for  each  arc  of 
the  ellipse  in  the  same  way  as  for 

1416. 


\l 

A 

the  hnlf-circumference  of  the  semicircular.  Above  each  of  the  centres  o,  o,  o,  at  a  distance  from 
these  centres  equal  to  the  depth  at  the  crown,  draw  a  horizontal,  then  at  each  extreme  radius 
of  the  arcs  of  the  intrados  find  the  points  1'-  I'-x'-y  by  the  aid  of  the  portions  of  the  radii  of 
curvature  11'  =  o  c,  22'  =  olc',xx  =  22',  y  y'  =  o'3  A. 
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For  all  elliptical  arches,  determine  by  the  aid  of  a  diagram  the  curve  with  5  or  7  centres 
approaching  as  near  as  possible  the  given  ellipsis  of  the  intrados,  and  deduce  from  it  the  curve  of 
the  extrados  as  in  the  third  example.  In  practice  the  extrados  must  be  made  to  coincide  with  the 
abutment  as  shown  by  the  dotted  line. 

Abutments  and  Piers. — Thickness  of  the  Abutments  at  the  Plane  of  the  Springing. Let  E  =  the 

thickness  of  the  abutments  at  the  plane  of  the  springing  for  arches  of  all  forms,  and  H  =  the 
height  of  the  abutments  or  piers.  We  have  already  R  =  the  radius  of  the  intrados  serving  to 
determine  the  depth  at  the  crown,  and  C  =  the  depth  at  the  crown. 

For  any  span  and  any  form  of  arch  we  shall  have 

E  =  0-20  +  0-30(R  +  2C);  [22] 

except  for  the  Gothic  arch  of  two  segments  of  60,  when 


(I+Q20) 


E  =  0-20 +  0-30 
The  height  of  the  abutments  should  not  exceed 

H  =  Qxl-50.  [23] 

Except  in  cases  of  absolute  necessity,  the  height  should  never  exceed 

H  =  Q  x  2.  [24] 

The  first  value  of  H  will  give  to  bridges  of  one  arch  the  most  solid  appearance,  a  quality  which 
public  works  ought  to  possess  ;  it  is  also  the  limit  of  the  conditions  of  great  stability.  The  second 
value  of  H  corresponds  to  the  architectural  proportions  of  a  portico  ;  it  is  also  suited  to  large 
viaducts. 

Facing  of  the  Abutments  on  the  Land  Side. — The  thickness  of  the  abutments  at  the  plane  of  the 
springing  having  been  determined  by  formula  [22],  the  exterior  facing  (the  land  sides)  will  be 
constructed  with  a  talus  of  ì  or  0  ■  20  the  mètre  of  height.  The  thickness  of  the  abutments  at  the 
base  will,  therefore,  be 

=  E  +  0-20H.  [25] 

This  talus  nearly  corresponds  with  the  retreats  which  many  builders  give  to  their  works  ;  this 
method,  we  think,  ought  to  be  abandoned  on  the  ground  of  producing  results  opposed  to  those  to 
obtain  which  it  is  adopted,  namely,  greater  stability  than  with  the  talus.  Each  retreat  is  a 
reservoir  of  water  furnishing  a  means  of  enabling  it  to  penetrate  the  masonry. 

In  the  case  of  the  talus  or  slope  we  have  taken  the  mean  of  the  thicknesses  at  the  springing  and 
at  the  base.  This  mean  may  be  taken  in  practice  as  the  uniform  thickness  of  the  abutment,  the 
value  of  which  will  be 

E'  =  E  +  Hx0-10.  [26] 

In  this  case  the  exterior  facing  will  be  vertical.  This  arrangement  will  have  the  following 
inconvenience  : — The  pressure  supported  by  the  masonry  on  the  level  of  the  foundations  will  be 
much  greater  than  that  supported  at  the  springing,  a  fact  which  might  in  certain  soils  be  of  grave 
consequences.  Besides  this,  such  an  arrangement  does  not  correspond  in  direction  of  resistance  to 
the  pressure  of  the  arch. 

The  thickness  of  the  abutments  thus  found  needs  no  assistance  of  walls,  which,  if  used,  will  be 
additional  guarantees  of  stability.  When  massive  walls  are  placed  behind  the  abutments,  if  the 
sum  of  the  mean  thicknesses  of  these  two  walls  be  equal  to  half  the  width  of  the  work  between 
the  headings,  openings  in  the  form  of  arches  may  be  made  in  the  abutments  without  endangering 
the  solidity  of  the  work.     In  this  way  a  considerable  saving  may  be  effected. 

It  will  not  be  prudent,  however,  to  hollow  the  abutment  between  the  walls  throughout  the 
whole  of  its  height,  for  there  should  always  be  at  the  springing  a  mass  of  masonry  of  a  width 
equal  to  that  prescribed  by  the  formula,  to  provide  against  the  settling  down  of  the  masonry  at 
the  head  and  flanks  of  the  arch  in  consequence  of  the  slipping  to  which  the  latter  is  liable  when 
there  is  not  sufficient  surface  to  resist  the  pressure. 

Thickness  of  the  Piers  at  the  Springing. — Let  P  =  the  thickness  of  the  piers  at  the  springing, 
and  F  =  the  talus  of  the  piers  per  mètre  of  height.    For  a  span  of  1  •  00  to  8  or  10  ■  00  we  shall  have 

P  =  C  X  2-50,  [27] 

twice  and  a  half  the  thickness  at  the  crown. 
For  a  span  above  10m  '  00  we  have 

P  =  C  X  3,  [28] 

three  times  the  thickness  at  the  crown. 

Talus  of  the  piers  a  mètre  of  height  in  all  cases 

^orF  =  0-025.  [29] 

The  body  of  the  piers  will  thus  increase  to  a  mètre  of  height  by  ^  or  0  •  05. 

Besides  this,  it  is  well  to  give  as  much  projection  as  possible  to  the  socles  in  order  to  spread 
the  pressure  over  a  wider  surface  of  natural  ground.  The  nature  of  the  soil,  the  importance  of  the 
work,  the  flow  of  the  water,  and  the  form  of  the  foundation  must  guide  the  builder  in  the  con- 
struction of  the  basis.  His  duty  is  to  see  that  the  works  be  firmly  placed  and  protected  from  the 
undermining  action  of  the  water. 

General  Information. — According  to  statements  made  by  Rondelet,  in  his  'Art  de  Bâtir,' we  find:— 
That  thickness  of  the  piers  of  a  semicircular  arch  being  =  1,  the  thickness  of  the  piers  for  one 
and  the  same  span  will  be,  for — 


Gothic  arch  of  two  segments  of  60°  =  0  •  70 

Semicircular       =  1  •  00 

Elliptical  depressed  to  ^ =1-18 


Elliptical  depressed  to  a       ..      ..  =  1*35 

,,  „         to  ¿-,      ..      ..=1-40 

Plat-band =1'40 
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That  representing  the  thrust  of  a  semicircular  arch  by  1,  the  relative  thrust  of  other  arches 
will  be — 


Gothic  of  two  segments  of  60°         . .  =  0  •  50 

Semicircular       =  1"00 

Elliptical  depressed  to  ì =  1"40 


Elliptical  depressed  to 
»         to 
Plat-band 


=  1-93 
=  1-91 
=  1-95 


Position  of  the  Joints  of  Rupture. — It  follows  from  the  facts  which  we  have  gathered  from 
various  works,  that  the  position  of  the  joints  of  rupture  in  bridges  of  the  semicircular  and  elliptical 
forms  may  be  determined  in  a  general  manner  by  the  intersection  of  a  parallel  at  the  level  of  the 
springing,  with  the  curve  of  the  intrados  and  the  distance  of  which  from  the  level  of  the  springing 
is  £,  i,  \,  or  \  of  the  rise  according  as  the  rise  itself  is  f ,  £,  I,  or  ¿  of  the  span.  Calling  V  V  this 
vertical  distance,  we  have  the  proportion  : — 

y  y       F  F2 

•Y"  =  -^,  whence  VV  = -g  •  [30] 

This  formula  is  strictly  in  accordance  with  the  position  of  the  joint  of  rupture  in  semicircular 
bridges,  which  is  always  considered  as  being  on  the  radius  inclined  to  30°  with  the  horizontal.  In 
segmental  bridges,  so  long  as  their  magnitude  is  less  than  120°,  the  joint  of  rupture  is  at  the  springing 
of  the  arch. 

Proportions  of  the  various  Parts. — Head-bands  of  Arches. — These  should  have  a  greater  thickness 
at  the  springing  than  at  the  crown.  This  arrangement,  which  is  more  rational  than  one  of  uni- 
formity, gives  the  work  a  certain  stamp  of  solidity  ;  this  kind  of  band  is  called  strengthened. 

In  arches  of  moderate  span,  the  thickness  of  the  band  at  the  crown  is  made  equal  to  the  body  of 
the  arch  =  C. 

The  thickness  at  the  level  of  the  springing  being  represented  for  all  forms  of  arches  by  B,  we 
shall  have 


B 


or  B 


C  +  ~  x  0-025 
Q 

c+8<r 


[31] 


For  a  span  not  exceeding  4  •  00  the  band  may  be  parallel  ;  for  in  such  a  case  the  increase  would  be 
hardly  apparent,  and  it  seems  to  us  useless  to  introduce  such  a  condition  into  small  works. 

In  arches  of  a  wide  span,  20  or  30  mètres,  the  thickness  of  the  head-band  is  often  made  less 
than  that  of  the  body  of  the  arch.  This  reduction  varies  from  0°10  to  0*20,  according  to  the  hard- 
ness of  the  materials  or  the  taste  of  the  builder.  While  giving  the  work  a  bolder  appearance,  this 
reduction  in  no  way  compromises  its  solidity.  It  is  besides  quite  in  harmony  with  the  principles 
which  we  have  made  known. 

Tracing  the  Exterior  Curve  of  the  Head-band. — In  semicircular  arches  the  extrados  will  be  deter- 
mined oy  a  segment,  the  centre  of  which  will  be  below  that  of  the  intrados  by  — -  x  0*025,  and  the 

u 

radius  of  this  arc  will  then  be  equal  to  E  +  C  +  —  . 

In  elliptical  bridges,  first  determine  the  value  of  B,  then  divide  the  increase  of  the  thickness 
of  the  band,  or  the  difference  between  the  thicknesses  at  the  crown  and  at  the  springing,  by  the 
■  length  of  the  half  of  the  curve  of  the  intrados  (measured  simply  with  the  compasses)  ;  this  will  give 
the  increase  of  the  band  for  each  mètre  of  length.  Multiplying  this  quantity  by  the  length,  1,  of  the 
half-arc  of  the  summit,  2,  of  each  of  the  other  arcs  of  the  ellipse,  we  shall  have  the  thickness  of  the 
band  at  each  change  of  curvature.  The  arc  of  the  summit  will  be  determined  by  three  points,  and 
will  have  its  centre  at  n  ;  the  centre  of  the  second  arc  will  be  found  upon  the  last  radius  passing 
through  n.  It  is  besides  determined  in  position  by  its  two  extremities,  and  its  centre  will  then  be 
at  n'  ;  in  the  same  way  we  shall  have  the  centre  n",  Fig.  1416. 

For  elliptical  arches  we  may  also  trace  the  ellipse  of  the  extrados,  the  major  and  minor  axes  of 
which  will  be  determined  by  :— The  major  axis  =  Q  +  2  B,  and  half  the  minor  axis  =  F  +  O. 

In  these  kinds  of  arches  the  joints  of  the  voussoirs  should  be  traced  according  to  the  normals 
at  the  mean  curve  of  the  head-band,  and  not  according  to  the  normals  at  the  intrados  ;  by  this 
means  the  pressure  is  distributed  more  equally  on  the  planes  of  the  joints.  This  arrangement 
corresponds  in  some  degree  to  the  inclining  of  the  planes  of  the  joints  recommended  in  the  learned 
work  of  Yvon-Villarceau  on  '  The  Construction  of  the  Arches  of  Bridges  considered  with  regard  to 
their  Stability.' 

For  segmental  bridges  the  extrados  will  be  a  segment  having  three  points,  the  crown  and  the 
springings  :  its  centre  will  be  in  n,  Fig.  1415. 

The  Voussoirs. — The  key  voussoir  ought  always  to  be  a  header  ;  and,  as  far  as  possible,  the 
springers  should  be  the  same.  Now  the  key  is  always  like  the  first  voussoir  when  the  half  of 
the  total  number  of  voussoirs  of  one  head  minus  one  is  an  even  number.  We  are  thus  able  to  fix 
a  priori  the  number  of  voussoirs  to  be  put  into  an  arch,  and  the  builder  will  be  guided  by  this  in 
regulating  the  piers  and  abutments. 

Plinths  and  Cordons. — Let  the  total  height  of  the  structure  from  the  top  of  the  foundations  to 
the  bottom  of  the  plinths  =  II,  the  height  of  the  plinth  =  A,  and  the  ledge  of  the  plinth  =  s,  then 
in  all  cases 

n  =  0-20  +  0-02  H.  [32] 

For  plinths  without  mouldings  for  small  structures,  s 


hh; 
plinths  with  mouldings       s  =  0'70A 


[33] 
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When  it  is  required  to  gain  width  and  to  place  the  parapet  beyond  the  masonry,  it  will  be 
necessary  to  put  a  console  under  the  plinth,  the  height  of  which  console  will  be  0-70  h.  We  have 
P  =  the  thickness  of  the  piers. 

Representing  the  height  of  the  cordon  also  by  hf  we  shall  have 

A-   P 

*-."7"  [34] 

However,  in  cases  in  which  the  height  of  the  cordon  thus  formed  would  exceed  that  of  the  plinth 
it  will  be  necessary  to  reduce  it  and  to  make  it  equal  to  this  latter. 
For  details  of  mouldings,  see  Figs.  1417  to  1423. 
Details. — Piers  : — Thickness  of  the  piers  at  the  plane  of  springing  : — 

1st,  up  to  10  mètres  span P  =  2*50  x  C 

2nd,  under  10  mètres  span P  =  3        x  C. 

Slope  to  a  mètre  in  height,  0  ■  025,  or  ^. 

Plinths  and  Cordons  : — 

Total  height  from  the  top  of  the  foundations  to  the  under-side  of  the  plinth  =  H. 

Total  thickness  of  the  plinth        =    h. 

We  shall  have  h  =  0°20  +  0-002  x  H. 

Ledge  of  the  plinftj  |^;^;;      ;;      ;;     J*»  **. 

Total  height  of  the  cordons  k'  =  -J.  of  the  thickness  of  the  pier.  If  this  thickness  exceeds  that 
of  the  plinth,  reduce  h'  —  h. 

The  designs  of  cordon  and  plinth,  Figs.  1417  to  1423,  are  specimens  in  which  all  the  dimensions 
of  ledges,  plat-bands,  and  fillets  are  given,  supposing  the  height  h  to  be  unity. 

1417.  1418.  1419. 


Buttresses. — The  breadth  of  buttresses  will  be  equal  to  the  thickness  of  the  plinth. 

General  Observation  on  the  Construction  of  Arches. — We  strongly  recommend  the  placing  of  bonders 
here  and  there  in  arches  of  wide  span  ;  the  bonders  should  be  of  cut  stone  of  a  mean  depth  twice 
that  of  the  materials  employed  in  the  construction  of  the  arches  ;  iron  cramps,  set  in  cement,  may 
be  used  to  hold  firmly  together  the  stones  composing  the  bonders.  This  latter  arrangement  has 
been  tested  by  experience. 

The  arches  of  the  celebrated  bridge  built  by  Perronet,  over  the  Seine  at  Neuilly,  one  of  which 
is  shown  in  Fig.  1424,  are  128  ft.  span,  and  the  radius  of  the  circle,  of  which  the  coincident  portions 
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COMPAEATIVE   TABLE   OP   THE   PeINCIPAL    DIMENSIONS   OP 

Name  of  the  Work. 

Present  Dimensions. 

Number 

of 
Arches. 

Span  of 
the 

Arches. 

Longest 
Radius. 

Rise  of 
the 

Arches. 

Propor- 
tion of 
the  Rise 
to  the 
Span. 

Magnitude 

of  the  Arc 

of  the 

longest 

Radius. 

Thickness  : 

No. 

Of  the 

Arches 
at  the 
Crown. 

Of  the 
Piers 
at  the 
Spring- 
ing. 

Of  the 
Abut- 
ments at 

the 
Spring- 
ing. 

1st.  Semicteculae  Aeches. 

. 

■wu 

,- 

. 

1 

Bridge  at  Eomilly,  over  the  Cheran 

1 

38-90 

19-45 

19-45 

0-50 

180° 

1-62 

•• 

2 

Bridge  at  Avignon  (Khone) 

21 

31-36 

15-68 

•• 

55 

55 

0-74 

6-96 

26-43 

3 

Aqueduct  of  Spolette  (Italy) 

10 

21-44 

21-44 

•• 

3-57 

4 

Bridge  at  Maligny 

1 

26-00 

13-00 

0-50 

180° 

0-92 

3-65 

5 

Bridge  at  Furand,  over  the  Furand 

1 

20-00 

10-00 

55 

1-00 

•• 

8-50 

6 

Viaduct  at  Stockport        

22 

19-80 

9-90 

.. 

55 

0-84 

3-04 

7 

("Viaduct  at  La  Manse,  on  the  railway  j 
\    from  Tours  to  Bordeaux       . .      . .  J 

15 

15-00 

7-50 

55 

0-90 

3-40 

»8 

Viaduct  at  St.  Germain  (railway)  . . 

20 

10-00 

5-00 

5J 

0-95 

1-90 

•• 

9 

Viaduct  at  Beaugency  (railway)    . . 

2500 

8-40 

4-20 

, , 

55 

0-80 

1-60 

2-60 

10 

("Koadways  over  the  railway  (Tours Ì 
\    to  Bordeaux) / 

8-00 

4-00 

■•• 

55 

/0-65Ì 
\0-60J 

2-20 

11 

Roadways  under  the  same 

7-00 

3-50 

55 

/0-65Ì 
\0-60J 

2-00 

12 
13 
14 
15 

55                                                55 

("Aqueducts,   on  small    single    archi 
\    bridges,  under  the  same       . .      . .  J 
„                   „  (southern  railway) 

2nd.  Elliptical  Aeches. 

5-00 
2-00 
2-00 
1-00 

2-50 
1-00 
1-00 
0-50 

•• 

55 
55 
55 
5» 

0-55 

0-29 

0-20 
/0-40\ 
\0-30/ 

•• 

1-50 
0-55 

16 

Bridge  at  Gignac,  over  the  Hérault  j 

1 
2 

48-72 
25-34 

35-89 
12-67 

13-30} 

12-67/ 

0-275 

.. 

1-95 

7-80 

11-05 

17 
18 

Bridge  at  Neuilly,  over  the  Seine  .. 
("Bridge  at  Port  de  Piles  (rail),  over! 

\     the  Creuse      / 

(  Bridge  at  Auzon  (railway),  over  thei 
\     Vienne / 

Bridge  at  Bordeaux 

Bridge  at  Chavannes        

("Bridge  over  the  Brusche  (railway  ini 

\     Alsace) / 

/Bridge  over  the  canal  at  Ellesmerc\ 
\     (England)       J 

5 
3 

38-98 
31-00 

48-73 
21-60 

9-75 
11-00 

0-250 
0-355 

60° 

1-62 
1-30 

4-22 
5-50 

9-83 
7-30 

19 

5 

20-00 

14-50 

6-67 

0-333 

55 

1-10 

2-60 

10-80 

20 

21 
22 

17 

7 
4 

j26to50! 

(20-80 
13-00 

10-00 

9-43 
7-14 

8-81 

4  55 

3-00 

0-332 

0-350 
0-333 

•' 

1-20 

0-65 
0-72 

4-20 

4-55 

1-50 

6-50 
2-70 

23 

1 

4-90 

3-66 

1-83 

0-373 

•• 

0-31 

0-92 

24 

Pont  de  l'Alma,  over  the  Seine      . .  < 

3ed.  Segmental  Aeches. 
1st,  120°  and  over. 

1 

2 

43-00 
38-40 

53-75 
50-56 

8-60 
7-70 

0-20 
0-20 

•• 

1-50 
1-50 

5-00 

10V00/ 

25 

Bridge  over  Doux,  near  Tournon    . . 

1 

47-78 

24-06 

19-82 

0-414 

157°  84' 

0-85 

.. 

.. 

26 

Bridge  over  the  Conon  (England)  . . 

5 

/  one  \ 

\19-82/ 

11-10 

6-10 

0-307 

127°  12' 

0-92 

2-44 

■• 
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Nature  of  the  Materials 
of  the  Arch. 


Freestone 


Freestone 


Bricks,  and  a  small 
quantity  of  freestone 

Slightly  hewn  stone 

Unhewn  millstone 
grit,  ordinary 
hydraulic  lime 

Hewn  stone 
Slightly  hewn  stone 


Unhewn  stone 
Slightly  hewn  stone 
Unhewn  stone 


Freestone 


Hewn  stone     . . 

Bricks,  with  free- 
stone bonders 

Freestone 

Bricks      


1785 
1177 


741 
1834 

1847 
1845 
1845 


/  Millstone  grit,  with 
Vassy  cement 


Slightly  hewn  stone 
Freestone 


Date 
of 
Con- 
struc- 
tion. 


Name  of  Architect,  and 
Observations. 


Garella 

jBénédic.  The  abrá- 
is ments  include  walls 
¡The  piers  of  this  aque- 
duct are  89  mètres  high, 
with  a  base  of  the  same 
thickness  as  at  the  spring- 
ing ;  the  total  height  of 
the  work  =  130  mètres 


Montluisant 

Mean  height  of  the 

piers  =  20  mètres. 

No  talus 

Morandier 


E.  Flachat      ..      .. 

(  Thoyot.     Talus  of 
\    the  piers  =  0  •  04 


Thickness  of  the 
abutments  uniform 


1777 
to 

1793 
1774 


Carvallo 

With  light  masses 
of  embanking 


Garipuy 


Perronet 

2    /  Beaudemoulin  and  Ì 
5    \Croizette-Desnoyersj 

1848 

1813) 
to    >   Deschamps 

1822) 

1787     Gauthey 

1845     Bazaine  &  Chaperon 

Telford 

'De  Lagalisserie  and 
i  Darcel 


1855 


1545 

1809 


Dimensions  according  to  oub  Fokmtjlje. 


Radius 
serving 
to  deter- 
mine the 
Depth  at 

the 
Crown. 


19-45 
15-68 


13-00 
10-00 

9-90 

7-50 

5-00 

4-20 

4-00 

3-50 
2-50 
1-00 
1-00 
0-50 

39-60 

32-90 
21-60 

14-55 

19-30 

917 
7-76 


u 


3-28 

39-50 
33-00 


Telford 


24-06 
11-10 


Depth  at  the 
Crown. 


Accord- 
ing to 
the 
General 
For- 
mula. 


1-66 
1-40 


1-21 

1-00 

0-99 

0-83 

0-70 

0-64 

0-62 

0-59 
0-50 

0-34 

2-28 

1-94 
1-38 

1-03 

1-26 

0-76 
0-68 

0-47 

2-27 
1-95 


1-98 
1-08 


Taking 

into 
account 

the 
Radius 
and  the 
Mate- 
rials. 


2S 

94 
38 

02 

20 

52 
.-»0 

35 

00\ 
65/ 


Thickness  at  the 

Plane  of  the 
Springing,  accord- 
ing to  the  general 
value  of  C. 


Of  the 
Piers. 


0-72 


4-20 


3-63 
3-00 

2-97 

2-49 

2-10 

1-60 


6-84 

5-82 
4-14 

3-09 

3-78 

2-28 
1-70 


6-00 


216 


Of  the 
Abut- 


7-03 
5-74 


4-83 
3-80 

3-76 

2-95 

2-09 

1-81 

1-72 

1-58 
1-24 
0-70 
0-70 
0-55 


13-15 

10-90 
7-50 

5-18 

6-75 

3-40 

2-91 

1-47 
11-10 


8-60 
418 


General  Formulas  ¡ 
Observations. 


0-30  + 0-07  K. 

0-30  +  0-08  K. 

E  =  0-20  +  0-30 

(K  +  2  C) 

p/2-50xC. 

r  \3-00  x  C. 

The  abutments  should 

have  an  exterior  talus 

of  0  •  20  per  mètre. 


The  piers  should  have 
a  talus  of  -jL. 


C  =  0-30  4- 0-05  R. 

Rr=  1-186  x  Q- 

1-366  F. 


Mingono  prit  with  Vassy 
cement  oilers  as  much 
resistance  as  freestone. 

C=-- 0-30  4-007B. 

Q 


R 


Sin.  a 


2  sin.  a 
2lV 
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BEIDGE. 

Comparative  Table  op  the  Principal  Dimensions  op  Bridges, 


Name  of  the  Work. 

Present  Dimensions. 

Number 

of 
Arches. 

Span  of 

the 
Arches. 

Longest 
Radius. 

Rise  of 
the  - 

Arches. 

Propor- 
tion of 

the  Rise 
to  the 
Span. 

Magnitude 

of  the  Arc 

of  the 

longest 

Radius. 

Thickness  : 

No. 

Of  the 
Arches 

at  the 
Crown. 

Of  the 
Piers 
at  the 
Spring- 
ing. 

Of  the 
Abut- 
ments at 
the 

Spring- 
ing. 

2nd,  from  120°  to  90°. 

Tyv- 

#2 

,, 

?4't 

27 

28 
29 

/  Bridge     at    Vérone,    near    Vieux- Ì 
\     Chateau / 

Bridge  over  the  Taaf  (England)     . . 
Specimen  of  passage  over  railway  . . 

3rd,  from  90°  to  60°. 

3 

1 
1 

/  one  \ 

\44-50J 

46-47 

15-20 

28-62 

29-42 
10-75 

10-90 

11-37 
3-15 

0-245 

0-245 

0-207 

102°  04' 

104°  20' 
90°  00' 

1-62 

1-13 

0-90 

11-05 

10-40 
4V65 

30 

Covered  bridge  at  Florence  (Italy) 

3 

29-25 

21-20 

5-85 

0-200 

87°  17' 

1-62 

7*85 

8-77 

31 

/Bridge  at  Grosvenor,  over  the  Deei 
\    (England)       / 

1 

61-00 

44-23 

12-20 

0-200 

87°  16' 

1-22 

•• 

14-64 

32 

Bridge  at  Munich  (Bavaria) 

3 

31-20 

26-00 

5-20 

0-167 

73°  44' 

1-30 

2-92 

9-75 

33 

Bridge  at  Glasgow 

o 
o 

17-70 

13-33 

3-35 

0-189 

85°  10' 

0-76 

2-75 

3-81 

34 
35 

Specimen  of  passage  over  railway  . . 
Bridge  at  Brunoy      

4th,  from  60°  to  40°,  and  under. 

1 

3 

12-00 
5-85 

10-00 
5-85 

2-00 
0-79 

0-167 
0-135 

73°  44' 
60°  00' 

0-75 
0-65 

1-Í3 

1-90 
3-25 

36 
37 

Bridge  at  Homps,  over  the  Ande  . . 
/Bridge    at    Val-Benoist    Railway  \ 
\     (Belgium)       / 

3 

5 

21-40 
20-00 

21-40 

20-00 

2-87 
2-68 

0-135 
0-135 

60°  00' 
60°  00' 

1-30 
1-00 

3-57 
2-50 

8-77 

38 

/Bridge  at  Etaples  Kail  way  (Amiensi 

15 

14-00 

13-85 

1-90 

0-136 

60°  44' 

0-70 

1-75 

6-00 

39 
40 
41 

Pont  d'Jéna,  over  the  Seine  (Paris) 
Specimen  of  passage  under  railway 
„                 „  (Northern  Railway) 

5 
1 

1 

28-00 
8-00 
7-40 

31-35 

8-70 
8-50 

3-30 
1-00 
0-90 

0-105 
0-125 
0-122 

53°  05' 

56°  8'  40" 

51°  36' 

1-44 

0-70 
0-65 

3-00 

9-75 
2-40 
3-86 

42 

/Pont   au    Double,   over    the    Seine  \ 
I     (Paris) / 

1 

31-05 

41-67 

3-00 

0-096 

43°  42' 

1-60 

43 

Pont  de  la  Concorde,  Seine  (Paris)   ] 

1 
2 
2 

31-18 

28-26 
25-34 

42-20 
38-86 
42-14 

2-99 
2-66 
1-95 

0-096 
0-094 
0-077 

43°  20' 
42°  39' 
35°  00' 

1-13 

1-05 
0-97 

2:92 

16 -'24) 

44 
45 

Bridge  at  Moret,  over  the  Loing    . . 
Bridge  at  Nemours,  over  the  Loing 

3 
3 

25-30 
16-24 

46-77 
30-21 

1-85 
0-97 

0-073 
0-060 

31°  20' 
15°  35' 

1-30 
0-97 

2-43 
1-95 

4'-*87 

of  the  outer  segmental  arch  are  parts,  is  160  ft.     A  comparison  of  this  bridge  with  a  bridge  on  the 
same  plan,  after  the  designs  of  Roy,  will  be  found  at  No.  17  in  the  Table,  page  698. 

Along  the  line  of  the  Highland  Railway  numerous  bridges  and  viaducts  have  had  to  be 
erected.  Fig.  1425  is  of  the  viaduct  which  spans  the  river  Conon,  in  Ross-shire.  From  circum- 
stances it  was  necessary  that  this  bridge  should  cross  the  river  on  a  skew  of  45°  to  the  stream,  and 
as  there  were  rock  foundations,  there  was  no  difficulty  to  contend  with  beyond  that  of  4  ft.  or  5  ft. 
of  water  in  the  channel  of  the  river  to  reach  the  rock.  The  peculiarity  of  the  skew  with  the  river 
at  this  placo  could  have  been  more  easily  provided  for  by  the  adoption  of  iron  girders  from  pier  to 
pier,  but  as  it  was  found  that  iron  girders  would  be  fully  as  expensive  and  not  so  permanent 
as  a  stone  bridge,  and  as  there  were  admirable  quarries  in  the  neighbourhood,  Joseph  Mitchell,  the 
engineer  of  the  line,  resolved  to  construct  this  bridge  on  a  skew  of  45°  with  the  river,  by  a  series 
of  right-angled  ribs  or  arches  spanning  from  pier  to  pier.  The  bridge  consists  of  five  arches  of 
73  ft.  span  each,  the  arches  being  constructed  of  four  ribs,  each  3  ft.  9  in.  wide  ;  the  arch  stones 
are  4  ft.  deep  at  the  springing,  and  3  ft.  deep  at  the  crown.  The  key-stones  of  the  centre  part  of 
each  arch  were  made  to  connect  with  each  other,  as  were  the  stones  in  the  haunchings  of  the 
arches,  and  some  cramps  of  iron  were  inserted  at  the  joints  to  connect  the  ribs.     The  work  was 
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Nattrre  of  the  Materials 
of  the  Arch. 


Date 
of 
Con- 
struc- 
tion. 


Name  of  Architect,  and 
Observations. 


Freestone 
Slightly  hewn  stone 

Freestone 


Granite 


Freestone 


Slightly  hewn  stone 
Freestone 


Bricks 


Freestone 

Slightly  hewn  stone 

»  11 

Unhewn  millstone 

grit  with  Vassy 

cement 


Freestone 


1354 
1756 

1600 

1832 

1814 

1835 

1850 
1784 

1785 
1832 

1847 

1809 
1850 
1846 

1847 


1787 
to 

1792; 

1771 

1805 


Edward 

Harrison 

Wiebeking 

(    Telford.     Theabut- 
ments  are  strengthened 
I      by  carved  buttresses 

Busch      

Perronet 

Ducros     

Bazaine 

Lamandé 

Busch      

De  Lagalisserie 

Perronet.     The  thick- 
ness of  the  abutment  is 
not  excessive,  it  includes 
two  counter-forts  of 
7*15  in.  length 

Perronet 

Designs  by  Perronet 


Dimensions  according  to  our  Formulae. 


Radius 
serving 
to  deter- 
mine the 
Depth  at 

the 
Crown. 


28-62 

29-42 
10-75 


44-23 

26-00 

13-33 

10-00 
5-85 

21-40 
20-00 

13-85 

31-35 

8-70 
8-50 

41-67 


42-20 
38-86 
42-14 

46-77 
30-21 


Depth  at  the 
Crown. 


Accord- 
ing to 
the 

General 
For- 
mula. 


1-73 

1-77 

0-88 


21-20     1-34 


2-47 

1-45 

0-95 

0-74 
0-54 

1-25 
1-10 

0-85 

1-34 
0-61 
0-57 

1-28 


1-24 

o-oo 


Taking 

into 
account 

the 
Radius 
and  the 
Mate- 
rials. 


0-85 
1-24 

1-30 

1-45 

0-70 

0-74 
0-40 

116 

0-81 

1-34 
0-60 
0  55 

1-65 


Thickness  at  the 

Plane  of  the 
Springing,  accord- 
ing to  the  general 
value  of  C. 


Of  the 
Piers. 


5-19 


4-02 


4-35 
2-85 

1-35 

3-75 
3-30 

2-55 
402 


Of  the 
Abut- 
ments. 


General  Formula? 
Observations. 


3-51 


3-72 

2-70 


9-82 

10-06 
3-94 


7-06 


14-95 


8-87 
4-77 

3-64 

2-28 


7-36 

6-86 

4-S7 

10-40 
318 
309 

13-47 


13-53 


14-97 

9-26 


C^O-30  +  0-05  P. 


60°  C  =  0-30 R + 
-     0-04  R. 

'Granite  having  a  resistance 
quadruple  of  the  mean  re- 
sistance of  the  other  mate- 
rials lor  which  our  formula) 
are  established,  this  differ- 
ence of  thickness  at  the 
crown  need  cause  no  sur- 
prise. 


50°  C  =  0-30  +  0-03  P. 
40°  C  =  0-30-4-0-02  R. 


If  the  whole  arch  is  of  brick, 

we  should  only 

allow  0  7U  at  the  crown. 


Comparing  millstone 

grit  with 
cement  to  freestone. 


Ilillll!illillllilll!l!li:l! 
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successfully  accomplished,  and  constitutes  a  very  perfect  piece  of  bridge  masonry.  The  total 
length  of  the  bridge  is  540  ft.,  and  the  height  45  ft.  from  the  bed  of  the  river.  The  north 
abutment  is  founded  304  ft.  lower  down  the  river  than  the  south.  The  whole  bridge  was  con- 
structed for  a  single  line  of  rails. 

J.  A.  Roebling's  System  of  Bridge-building  ¡  the  Parabolic  Truss. — Let  acb  and  a  db,  Fig.  1426,  repre- 
sent parabolic  curves  of  the  same  deflection  and  span.  The  upper  curve  forms  an  upright  arch,  which 
presses  against  the  points  a  and  b.    If  these  points  are  connected 
by  the  chord  a  b,  and  this  chord  balances  the  pressure  at  a  and  b,  ' 

the  chord  and  the  arch  will  be  in  equilibrium  and  at  rest.  ^-^^ 

The  inverted  parabolic  arch  a  db,  freely  suspended  between  s'     jc  ^^ 

a  and  6,  will,  on  the  other  hand,  produce  an  inside  pressure  upon  s¿~- H C^. 

these  two  points  of  support.     If  the  two  arches  are  equally  and        s^ i __\;7 

uniformly  loaded,  their  strains  at  a  and  6  will  be  the  same,  and   a<=~-  ¡^  ~^i 

in  the  directions  of  their  respective  tangents  a/,  &/,  and  ae,  e  b.  ^^^. !____ .— -^^ 

We  may  therefore  remove  the  chord  a  6,  and  in  its  place  suspend  ^\.       ¡    ^^ 

the  arch  a  db;  then  th„  outward  pressure,  exerted  by  the  upright  ^^<é^_ I  % 

arch  upon  a  and  b,  will  be  met  and  balanced  by  the  inward  pres- 
sure at  a  and  b,  produced  by  the  suspended  arch  a  db.     The  ^v 
two  arches  are  therefore  in  equilibrium,  without  any  inter-                          \^J 
mediate  chord. 

In  a  bowstring  girder  or  arch  nearly  the  same  amount  of  material  must  be  expended  in  the 
chord  a  b  which  is  required  in  the  arch  itself.  But  the  chord  adds  nothing  to  the  supporting 
power  of  the  arch.  On  the  other  hand,  by  suspending  the  subverted  arch  a  db,  we  may  dispense 
with  the  chord,  and  at  the  same  time  we  have  doubled  the  supporting  power  of  the  system.  The 
great  economy  of  the  parabolic  beam  is  therefore  apparent  at  a  glance.  All  that  is  required  in 
practice  is  to  provide  sufficient  panelling,  and  light  bracing  inside  of  the  arches,  in  order  to 
preserve  their  form  and  equilibrium  under  variable  loads.  It  will  be  shown  hereafter  that  a  greater 
amount  of  material  must  be  expended  to  obtain  the  same  strength  in  other  systems  of  girders 
and  trusses. 

To  ascertain  the  forces  of  tension  and  compression  at  a  and  b,  produced  by  the  upright  and 
suspended  arch,  draw  the  parallelogram  afbe,  the  sides  forming  tangents  to  the  curves.  The 
pressures  caused  by  the  upright  arch  will  then  be  represented  by  a  f  and  b  /,  and  the  tension 
caused  by  the  suspended  arch  is  measured  by  a  e  and  b  e.  Suppose  the  weight  W  to  represent  the 
whole  weight  of  the  upright  arch,  then  this  weight  will  act  through  the  linear  braces  /  a  and  /  b 
upon  a  and  &,  and  its  relative  magnitude  is  represented  by  the  diagonal  /  E,  which  is  the  resultant 
of  the  two  forces  /  a  and  /  6.     Let  the  pressure  at  a  or  b  be  denoted  by  P,  then  is  W  :  P  =  e  f  :  a  f; 

and  therefore,  P  =  W  — j- .    Let  x  represent  the  deflection,  or  verse  sine,  g  c  or  g  â,  y  —  half -the 

e  J 
chord  a  g  or  g  b  ;  and  suppose  the  curves  to  be  parabolas,  then  g  c  will  be  equal  to  c  /,  or, 

x  =  hgf=2g~E>'>   an(i  a  P  =  a  92  +  9  P  —  V2  +  4  x2,  or,  a  f  =  V  y2  +  4  x2.     Substituting  this 

w     , 

value  in  the  equation  for  P,  and  4  x  for  e  f,  we  have  P  =  — —  v   y2  4-  4  x 2.     The  tension  T, 

caused  by  the  suspended  cable  at  a  and  6,  is  equal  to  P,  and  found  by  the  same  formula. 

As  an  example,  let  us  suppose  the  span  of  the  arch  to  be  500  ft.,  its  verse  sine  50  ft.,  and  its 
total  weight  500  tons  ;  to  find  the  pressure  or  tension  at  the  points  of  support,  we  then  have 


500 


\/~ — 2  — 9 

V  250  +  4  x  50 


4  x  50 

P=:500x    26290Q25    =500x1-34. 

P  =  670  tons. 

The  figure  1  ■  34  represents  a  variable  coefficient,  which  is  dependent  upon  x  and  y,  but  independent 
of  the  weight  W.  We  may  therefore,  for  convenience  sake,  compose  a  table  of  coefficients  which  will 
facilitate  rapid  calculations.  The  following  Table  gives  the  coefficients  for  versed  sines  of  ¿  of  the 
span  to  -jL  : — 

V.  S.     ì  ì      -i-      -i__i_      i      i      i 

'       «         9        io        li       Ta       Ts       TT       TT' 

Coe.    1-118    1-23    1-346    1-463    158   -1-70    1-82    1-94. 

As  an  example,  suppose  a  span  of  1000  ft.,  verse  sine  £,  oi  125  ft.,  and  load  1000  tons.    The 
coefficient  of  pressure  or  tension  in  the  Table  is  1-118,  therefore  the  pressure  or  tension  is 

1000  x  1-118  =  1118  tons. 

As  another  example,  suppose  the  same  span  and  load  with  a  verse  sine  of  -i-  of  the  span  = 
66-66  ft.,  then  the  coefficient  in  the  Table  is  1-94,  and  therefore  the  pressure  or  tension  is 

1000  x  1-94  =  1940  tons. 

It  may  be  necessary  to  calculate  the  exact  length  of  the  arch,  suspended  or  upright,  measured 

by  the  curve.      Let  Z  denote  one-half  the  length  of  the  curve,  then  is  Z  =    v    y2  -\ x2.     This 

formula  applies  to  a  parabola,  and  is  much  more  simple  than  the  formula  for  a  true  catenary.  It 
is  sufficiently  correct  for  practice,  provided  x  is  not  greater  than  y. 

To  determine  the  deflection  x  from  the  length  of  the  curve  and  of  the  span,  the  following 


/  3  '/ 

equation  will  answer  :  x  =  V  _  (Z2  -  y*).    These  formulas  are  needed  in  order  to  calculate  the 

rise  or  fall  of  an  arch,  due  to  its  expansion  or  contraction  from  variations  of  temperature 

This  diagram  represents  half  a  parabola,  with  its  ordinates  and  abscissas.    Now  it  is  a 

property  of  the  parabola  that  x  '.  x'  =  y2  l  y  2  ;  from  this  we  deduce  x'  =  —  y'2  •  also  x"  =   X  v"2 

y2  '  y2        ' 

and  so  on.  When,  therefore,  x  and  y  are  known,  we  can  calculate  the  ordinates  x',  x",  x'",  <b>»  for 
any  abscissa.  This  will  enable  us  to  lay  down  the  curve  of  the  upright  arch,  or  to  calculate  the 
length  of  suspenders  for  the  suspended  cable. 

To  ascertain  the  compression  of  the  arch  at  its  crown  c,  Fig.  1426,  or  the  tension  of  the  cable 
at  its  lowest  point  d,  draw  the  lines  e  h  and  b  A  parallel  to  g  b  and  g  e  in  Fig.  1427  ;  then  the 
diagonal  b  e  represents  the  strain  at  6,  while  e  h 
represents  the  horizontal  strain  at  d  or  c,  and  6  h  1427, 

represents  the  vertical  pressure  produced  upon  b  °"fÑr  ^ "!Q 

or  a,  either  by  the  arch  or  cable,    b  h  being  equal     !       fsT -yL ¡ 

to  c  d  or  2  x,  of  course  the  sum  of  the  vertical  près-     !  x   ^m^nT ^ ! 

sures  at  a  and  ò  is  equal  to  the  whole  weight  of     ¡       P    K '  ia^ÑT~Zir_~"??^'¡i"_~"II~rr_"l_i 
the  arch  or  W.  |  ^3?^^^-— ~~syi¿ a 

In  a  similar  manner  can  the  compression  or     ]  I       j^'^^^^^^iy^jrirzZj -, 

tension  of  the  arch  be  ascertained  at  any  other     : — ' ! ' — „nr=     F      "  " _,!a 

point  of  the  curve  by  simply  laying  down  a  tangent  and  drawing  out-  its  parallelogram.  The 
tension  or  compression  is  thus  found  to  increase  gradually  from  the  centre  to  the  points  of 
support. 

By  laying  down  the  curves  accurately  on  a  large  scale,  all  the  different  strains  may  be  measured 
by  the  scabs  sufficiently  accurate  for  all  practical  purposes. 

General  Description.— -The  three  openings  of  this  bridge  are  spanned  by  two  parallel  continuous 
parabolic  trusses,  1184  ft.  in  length,  at  a  distance  of  14  ft.  apart  in  the  clear  ;  the  floor  beams  for 
support  of  the  track  resting  upon  the  lower  chords.  This  superstructure  is  firmly  fixed  upon  one 
of  the  two  middle  piers,  while  it  rests  upon  roller-plates  on  all  the  other  piers.  This  arrangement, 
therefore,  admits  of  free  contraction  and  expansion,  caused  by  changes  of  temperature.  It  will  be 
noticed  that  the  towers  which  support  the  cables  on  the  middle  piers,  form  integral  parts  of  the 
movable  structure,  and  consequently  will  change  their  position  in  unison  with  the  other  parts  of 
the  work,  when  affected  by  contraction  or  expansion.  The  cables  together  with  the  arches  form 
one  united  system,  all  moving  together  uniformly  when  thus  influenced. 

The  railway  track  is  supported  at  intervals  of  5  ft.  by  rolled  iron  beams  of  12  in.  depth  and 
21  ft.  5  in.  in  length.  The  rails  rest  upon  wooden  stringers,  12  x  12,  which  are  strengthened  in 
depth  by  timber  bridgings,  6  x  12,  fitted  in  between  the  iron  beams.  A  longitudinal  iron  beam 
of  9  in.  depth  underneath  the  bridging,  suspended  by  bolts  to  the  wooden  stringer,  adds  further 
to  the  depth  of  bearing,  which  is  wanted  to  distribute  the  concentrated  weight  of  the  locomotive 
drivers,  and  thus  diminish  their  kneading  action.  Every  second  cross  beam  is  suspended  to  the 
cables  by  means  of  suspenders,  but  each  of  the  beams  is  also  firmly  riveted  to  the  lower  chords  by 
sixteen  rivets  of  f  in.  diameter.  This  union  forms  the  only  connecting  link  between  the  arches 
and  the  cables. 

There  is  one  truss  on  each  side  of  the  track,  and  each  is  double  throughout  from  end  to  end, 
leaving  an  open  space  24  in.  in  width  between  the  posts.  In  the  centre  of  this  space  the  cable  is 
freely  suspended  in  a  vertical  plane,  parallel  to  the  trusses  ;  the  suspenders  run  down  in  the  same 
plane  ;  so  also  do  the  wire-rope  stays,  which  pass  over  the  towers  below  the  cables.  Where  the 
stays  cross  the  suspenders,  they  are  united  with  them  by  wire  wrappings,  for  the  purpose  of  pre- 
serving their  straight  lines,  and  to  prevent  oscillations. 

The  principal  features,  which  give  supporting  strength  as  well  as  stiffness  to  the  trusses,  arc 
the  arches.  The  cables,  which  co-operate  with  the  arches,  are  designed  for  strength  alone,  with- 
out adding  much  to  stiffness.  An  additional  source  of  strength  as  well  as  stiffness  is  obtained  by 
the  wire-rope  stays,  six  on  each  tower  ;  these  are  also  very  efficient  in  preserving  the  equilibrium 
between  the  spans  under  the  action  of  variable  loads,  and  also  in  relieving  the  arches  at  the 
haunches,  where  assistance  is  most  needed. 

At  the  extreme  ends  of  the  trusses  four  light  double  wire-rope  stays  are  added  to  give  addi- 
tional strength  and  stiffness  to  those  points. 

At  the  first  glance  this  plan  may  appear  a  complicated  arrangement,  defeating  its  own  end  by 
the  want  of  internal  harmony  among  its  different  parts.  But  no  view  could  be  more  mistaken.  In 
place  of  exhibiting  a  want  of  harmony,  this  system  will  be  found  in  its  practical  working  so 
co-operative  and  mutually  supporting  in  its  various  parts,  that  nothing  will  be  left  to  desire.  No 
system  is  possible  which,  under  the  action  of  passing  and  variable  loads,  will  be  affected  with 
perfect  uniformity  in  all  its  parts,  so  that  all  the  different  members  will  be  exposed  to  the  same 
uniform  proportional  strain.  Uniformity  of  strain  in  a  plate-girder,  in  a  lattice-girder,  or  in  any 
other  triangular  or  panelled  truss,  is  out  of  the  question.  The  arch  alone,  upright  or  suspendí  d, 
comes  nearer  than  any  other  system  toward  fulfilling  this  condition.  When  a  load  is  placed  upon 
any  one  point  of  the  arch,  the  compression  or  tension  thereby  produced  upon  its  BeotioD  will  be  felt 
nearly  alike  throughout  its  whole  extent,  so  long  as  its  statical  form  is  maintained.  The  capacity 
of  the  arch  to  maintain  its  form  is  strongest  about  the  centre.  Impressions  upon  the  haunches  are 
more  apt  to  produce  dislocations  in  other  corresponding  parts.  To  meet  this  weakness,  stays  are 
'  introduced  next  to  the  towers.  So  far  as  they  extend,  they  are  strong  enough  to  support  the 
maximum  weight  of  that  part  of  the  structure  as  well  as  the  load.  Fach  stay  in  connection  with 
the  floor  and  tower  forms  a  fixed  triangle.  This  simple  system  of  stays,  as  hero  designed,  is  the 
perfection  of  trussing.    Nothing  can  be  more  perfect,  or  more  simple,  effective,  and  economical. 
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In  the  Niagara,  Cincinnati,  and  Alleghany  bridges,  the  conditions  upon  which  the  true  action  of 
stays  depend  are  only  partially  fulfilled,  because  of  the  different  material  of  the  towers  and  the 
neutrality  of  the  floor.  And  yet  with  these  drawbacks,  the  stays  in  these  works  answer  such  an 
admirable  purpose,  that  they  could  not  be  supplanted  by  another  arrangement.  But  in  the  plan 
before  us  all  parts  are  composed  of  the  same  material,  and  are  allowed  to  expand  and  to  contract 
freely,  and  consequently  their  harmonious  action  cannot  be  disturbed  on  that  score. 

Suppose  the  section  of  the  arch  was  doubled,  and  made  strong  enough  to  support  a  maximum 
load  and  the  superstructure  ;  and  suppose,  further,  that  its  ends  were  connected  by  a  chord  strong 
enough  to  resist  the  thrust  ;  all  that  would  then  be  needed  would,  by  common  consent,  be  span- 
drils  of  sufficient  stiffness  to  preserve  its  form  under  the  action  of  variable  loads.  No  engineer 
would  doubt  the  stability  of  this  simple  arch.  Now,  in  the  plan  before  us,  we  employ  the  same 
arch,  but  of  only  half  the  section.  This  deficiency  of  strength  is  made  up  by  the  suspended  arch  ; 
and  in  place  of  heavy  spandrils  we  introduce  a  light  panel-trussing  throughout  its  whole  extent, 
which  will  be  found  more  effective  in  reality  than  any  system  of  spandrils  can  possibly  be  made. 
This  panel-trussing,  judging  from  experience  on  the  Niagara  Bridge,  will  be  found  abundantly 
effective  to  preserve  the  form  of  the  arch.  If  there  were  no  adjoining  spans,  and  if  there  were  no 
necessity  for  towers  for  the  support  of  the  cables,  nothing  more  would  be  needed.  But  the  towers 
being  there,  the  application  of  stays  becomes  at  once  one  of  the  most  economical  as  well  as  most 
efficient  means  to  still  further  secure  the  stability  of  the  whole  system.  Only  fourteen  panels  are 
left  without  stays  in  the  centre  opening,  reducing  this  distance  to  280  ft.  In  this  space  the  arch 
and  the  panel- work  have  to  maintain  their  form  alone,  not  counting  upon  the  assistance  of  the 
cables.  With  reference  to  stiffness  alone,  the  plan  before  us  may  also  be  considered  in  the  light 
of  a  simple  bowstring-girder,  with  this  difference  in  favour  of  the  Parabolic  Truss,  that  the 
haunches  of  the  arch  are  greatly  assisted  by  the  stays. 

The  harmony  of  action  between  the  arches  and  cables,  when  under  the  influence  of  variable 
loads,  now  remains  to  be  considered.  Inside  of  the  space  of  the  central  opening,  between  the  two 
longest  stays,  a  distance  of  280  ft.,  a  want  of  uniformity  of  action  is  utterly  impossible,  because  the 
least  impression  upon  the  arch  will  be  equally  felt  by  the  cable  throughout  its  whole  extent,  and 
will  be  checked  by  the  upward  resistance  of  the  superstructure.  As  the  cable  becomes  depressed, 
every  other  point  tends  to  rise,  but  is  prevented  by  the  weight  and  stiffness  of  the  truss,  the  arch, 
and  the  panels.  Considering  now  that  the  weight  of  the  middle  span  is  640  tons,  the  local  impres- 
sion made  by  a  40-ton  locomotive  will  be  no  more  than  is  due  to  the  natural  elasticity  of  the  material 
composing  the  truss.  The  cables  being  the  most  sensitive  members  of  the  system,  their  action  will 
greatly  tend  to  spread  every  local  impression  over  a  large  extent,  and  thus  neutralize  its  effects  by 
engaging  all  parts  of  the  system  to  resist. 

So  far  as  the  stays  extend,  no  local  depression  whatever  can  be  produced,  because  every  attach- 
ment of  stay  forms  a  fixed  point,  which,  in  connection  with  the  arches,  cables,  and  panel-braces, 
will  be  found  sufficiently  rigid  to  resist  the  severest  local  action  beyond  that  due  to  the  natural 
elasticity  of  the  materials.  Eoebling  is  positive  in  this  statement,  because  his  observations  on  the 
suspension-bridges  he  built  fully  justify  him  in  making  it.  If  any  one  will  take  the  trouble  to 
scrutinize  the  action  of  the  Niagara  Bridge  under  the  passage  of  a  single  heavy  locomotive  and 
tender  with  sufficient  care  and  attention,  and,  by  means  of  a  level  placed  in  one  of  the  towers,  will 
observe  the  progressive  depressions  of  that  structure,  which  take  place  from  the  tower  toward,  the 
centre,  he  will  discover  scarcely  any  depression  inside  of  the  reach  of  the  stays.  Beyond  the  stays, 
toward  the  centre,  the  depression  increases  rapidly,  and  becomes  greatest  in  the  centre.  Similar 
facts  will  be  noticed  on  the  Cincinnati  Bridge,  under  the  action  of  a  number  of  heavily-laden 
teams,  following  each  other  in  close  succession. 

The  cables  and  stays  are  securely  fixed  upon  the  cast-iron  saddles,  which  are  mounted  upon 
the  tops  of  the  wrought-iron  towers  by  means  of  cushions,  held  down  by  screws.  The  height  of 
the  towers  being  62  ft.  above  the  base,  and  the  supporting  columns  of  an  elastic  material,  they 
will  yield  a  little,  when  one  span  is  fully  taxed  with  a  maximum  load,  while  the  adjoining  spans 
are  empty.  This  yield  will  be  imperceptible  to  the  eye,  but  will  no  doubt  be  susceptible  of  mea- 
surement. And  as  this  movement  will  not  result  from  the  free  working  of  the  different  members 
of  the  system,  but  will  be  entirely  due  to  the  elastic  yield  of  the  materials,  it  may  be  repeated 
indefinitely  without  impairing  the  integrity  and  safety  of  the  structure. 

Since  wire  possesses  a  much  greater  degree  of  elasticity  than  bar-iron,  one  very  great  advantage 
of  the  cables  and  stays  will  be,  that  ordinarily,  when  not  taxed  by  any  load,  the  greater  part  of 
the  weight  of  the  structure  will  be  borne  by  the  wire.  Under  the  aotion  of  light  loads,  the  cables 
and  stays  will  continue  to  bear  the  greater  share  ;  but  when  taxed  with  heavy  trains,  then  the 
arches  will  also  receive  their  full  proportion.  When  the  structure  is  relieved,  the  cables  and  stays 
will  again  contract  and  support  the  largest  share.  And  so  long  as  this  process  is  kept  within  the 
limits  of  natural  elasticity,  allowing  for  an  ample  margin,  the  structure  will  remain  perfectly  safe 
and  intact. 

Each  of  the  two  cables  is  represented  as  composed  of  nineteen  wire-ropes.  Bopes  will  be  found 
in  practice  to  be  the  most  economical  means  of  forming  the  cables,  also  the  easiest  to  put  up,  and 
the  quickest.  Cables  made  of  wire  laid  parallel  may  also  be  constructed  by  those  who  have 
experience  in  this  process,  and  know  how  to  make  a  good  cable  ;  but  the  same  amount  of  wire 
laid  parallel  into  cables  will  give  less  strength  than  the  same  amount  of  wire  laid  into  rope, 
provided  the  lay  in  the  latter  is  long,  and  that  its  manufacture  has  been  conducted  with  the 
necessary  care  and  proper  machinery.  It  is  impossible  to  obtain  perfectly  uniform  tension  in  a 
parallel  cable,  but  it  is  possible  to  do  so  in  a  rope.  The  cost  of  the  two,  per  pound,  will  be  about 
the  Rame,  and  of  course  the  strongest  should  be  preferred. 

In  place  of  making  the  cables  of  wire,  they  can  also  be  made  of  iron  or  steel  bands,  provided 
the  bands  are  rolled  full  length,  so  that  they  can  be  laid  into  the  cable  without  splicing.  The 
rolling  of  bands,  say  4  in.  wide  and  I  in.  thick,  and  1000  ft.  or  more  in  length,  is  a  process  which 
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has  never  been  attempt- 
ed. But  this  process  is 
perfectly  practicable  on 
a  continuous  mill  con- 
structed on  the  same 
principle  as  is  Bedson's 
train. 

The  greatest  depth  of 
the  superstructure  in  the 
central  span  is  44  ft., 
while  its  width  is  only 
21  ft.  5  in.  It  is  plain 
that  this  width  is  not 
enough  to  ensure  suffi- 
cient lateral  stability  in 
heavy  storms,  or  to  pre- 
vent all  horizontal  oscil- 
lations under  the  passage 
of  rapidly-moving  trains. 
It  must  be  observed  that 
we  are  explaining  the 
principle  of  Koebling  on  a 
bridge  with  a  centre  open- 
ing of  500  ft.  and  two  side 
openings  of  300  ft.  each 
in  the  clear  at  low  water. 
Where  one  or  two  tracks 
are  wanted  for  the  ac- 
commodation of  common 
travel,  in  connection  with 
railroad  traffic,  either  the 
floor  for  common  travel 
may  be  placed  overhead, 
above  the  railroad  floor, 
or  on  the  same  level.  If 
the  latter  arrangement  is 
preferred,  then  an  in- 
creased width  becomes 
necessary,  and  this  will 
etili  more  add  to  horizon- 
tal stability,  To  ensure 
lateral  strength,  Figs. 
1428,  1429,  two  wire- 
cables  in  horizontal  para- 
bolic curves  have  been 
laid  down,  anchored  to 
one  of  the  piers,  sus- 
pended to  the  lower  floor 
and  fastened  at  intervals 
to  the  beams,  which  will 
ensure  an  ample  degree 
of  safety  under  all  cir- 
cumstances. These  hori- 
zontal cables,  forming 
one  system  with  the  floor- 
ing, will  expand  and  con- 
tract alike  with  the  su- 
perstructure ;  they  can 
consequently  be  screwed 
up  tight,  to  ensure  their 
efficiency. 

The  top  chords  as  well 
as  the  arches  are  suffi- 
ciently braced  among 
themselves,  horizontal^, 
to  impart  to  the  super- 
structure a  degree  of  in- 
ternal rigidity;  and  tho 
same  system  is  also  car- 
ried out  vertically  be- 
tween opposite  posts, 
every  20  ft.,  so  far  as  the 
arches  rise  above  the  top 
chords. 

Supporting  Power  of 
Stays. — The  plan  of  stays 
is  illustrated  by  Fig. 
1430:  ab  represents  the 
tower;  a  A,  the  floor,  at 
right  angles  to  it  ;  and  6  c, 
b  (i,  6/,  b  g,  and  b  h,  are  the 
six  stays,  their  respective 
lengths  marked  in  feet, 
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fractions  omitted.     It  is  plain  that  the  supporting  power  of  the  different  stays  is  measured  by 
the  ratio  of  the  height  of  tower  to  their  different      7. 
lengths.     Thus,  if  we  denote  the  supporting  power 
of  the  stay  be  by  P,  its  ultimate  strength  by  U,  we 

60 
have  P  :  U  :  :  60  :  63  ;  and  P  =  U  —  • 

In  the  same  way]  for  6  d,  P  :  U  :  :  60  :  72  ;  and 


Ü 


72 


b  c 

_ 

6000 

» 

63 

_ 

95-23 

bd 

— 

6000 

-i. 

72 

= 

83-33 

b  e 

— 

6000 

j- 

85 

= 

70-58 

b  f 

— 

6000 

_i_ 

100 

= 

60-00 

bq 

— 

6000 

-S- 

117 

— 

51-25 

bh 

= 

6000 

■*■ 

134 

= 

44-77 

The  ultimate  strength  of  each  of  these  stays  is 
assumed  equal  to  100  tons,  and  we  therefore  get 
their  supporting  power  as  follows  : — 


For 


Total  supporting  power  of  6  stays,  in  tons       405-19 

,,        24    „  „  1620-76 

Allow  ì  of  ultimate  strength      324*15 

Each  stay  produces  a  horizontal  strain  upon  the  lower  chord,  which  is  to  its  supporting  power 
or  vertical  action,  as  is  the  base  of  the  triangle  to  its  height.  Thus  the  horizontal  action  of  the 
stav  b  c  is  represented  by  the  base-line  a  c  =  20,  and  its  vertical  action  by  a  b  =  60,  and  its  direct 
action  by  b  c  =  63.    If,  therefore,  the  horizontal  action  is  denoted  by  x,  we  find  its  value  for 

Tons. 

6  c  v x  =  100  x    -If  =  31-74 

6c?  <^^¡  x  =  100  x    -ff  =  55'55 

be  *^l  x  =  100  x    |f  =  70-58 

6/  «• — .  x  =  100  x  ^  =  80-00 

bg  *~ — -.  x  =  100  x  ¿ff  =  85-47 

b'h  ** — .  x  =  100  x  m  =  89-55 


Aggregate  ultimate  horizontal  action  of  6  stays,  in  tons         . .      . .     412  ■  89 

Allows 82*58 

Tons. 

The  weight  of  the  central  span  is,  in  tons     642 

We  will  assume  it  at 650 

The  greatest  possible  transitory  load  which  can  be  placed  upon  this  span 
would  be  a  train  of  locomotives,  estimated  at  the  rate  of  1|  ton  a 
lineal  foot,  or  for  a  length  of  500  ft.,  at . .      . .         750 

Therefore,  aggregate  weight  of  superstructure  and  load     . .       1400 
Deduct  the  supporting  power  of  24  stays,  allowing  \  of  their  ultimate 

strength        324 


Leaves  for  the  support  of  the  arches  and  the  cables 


1076 


In  order  to  avail  ourselves  fully  of  the  economical  principle  of  the  Parabolic  Truss,  it  is  very 
evident  that  the  tension  produced  by  the  cables  should  be  exactly  balanced  by  the  compression  of 
the  arches,  because  the  one  supports  the  other.  This  exact  balance  of  the  two  forces  must  exist  at 
the  anchor-plates,  located  at  the  ends  of  the  superstructure,  on  the  abutments,  or  on  the  piers, 
which  serve  as  such. 

These  plates  firmly  hold  the  ends  of  the  cables,  and  at  the  same  time  serve  as  supports  for  the 
ends  of  the  arches.  To  further  simplify  this  investigation  at  its  present  stage,  we  will  assume 
that  if  the  tension  of  the  cables  and  the  compression  of  the  arches  are  equal  to  each  other  in  the 
central  span,  then  also  the  same  balance  will  exist  at  the  anchor-plates.  This  is  not  strictly  the 
fact  ;  but  for  the  purpose  of  making  the  question  plain,  and  to  avoid  intricate  mathematical 
formulas,  such  as  would  not  prove  palatable  to  the  practical  engineer,  and  would,  moreover,  add 
nothing  to  the  accuracy  of  this  investigation,  but,  on  the  contrary,  would  tend  to  obscure  the 
subject,  at  present,  however,  we  assume  it  to  be  a  fact. 

The  length  of  span  from  centre  to  centre  of  towers  is  530  ft.,  and  the  deflection  of  the  cables  is 
60  ft.  The  ratio  of  deflection,  therefore,  is  1  :  8*83.  From  the  table  of  coefficients,  we  find  the 
ratio  of  weight  and  tension  for  \  =  1  '  23.     It  will  be  near  enough  to  assume  it  here  at  1  '  22. 

The  span  of  the  lowest  tier  of  arches  is  516  ft.,  and  its  versed  sine  or  rise  40  ft.,  and  the  ratio 
of  deflection  is  12*90  ft.  The  corresponding  coefficient  of  compression  in  the  table  we  find  to  be 
1-70  ft. 

Let  us  represent  the  weight  to  be  borne  by  the  cables  by  ar,  and  the  weight  to  be  supported  by 
the  arches  by  y,  then  will  be  the  tension  of  the  cables  —  l'22.r,  the  compression  of  the  arches 
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I '70  y.  And  since  the  condition  is  that  the  tension  of  the  cables  should  equal  the  compression  of 
the  arches,  therefore  is  1  -22 x  =  VI. y .  But  the  aggregate  weight  to  be  borne  by  the  arches  and 
cables  was  found  to  be  1076  tons.  Therefore,  x  +  y  =  1076,  or  y  =  1076  -  x  Substitute  this 
value  in  the  previous  equation,  and  we  have  1 -22 a?  =  1-7  (1076  -  x\  and  x  =  626-43  tons-  and 
also,  y  =  1076  -  626 '43  =  449 -57  tons.  ' 

From  the  foregoing  we  now  find  that  the  tension  of  the  cable  is  626-43  x  1-22  =  764  ^4  tons 

Compression  of  the  arches  is         449-57  x  1  '70  =  764-27  tons' 

both  about  the  same. 

The  question  may  be  asked  here,  why  the  weight  resting  upon  the  arches  and  cables  is  not 
equally  divided  ?  If  this  was  done,  then  it  would  be  necessary  to  observe  the  same  ratio  of  span 
and  versed  sine  for  the  cables  as  well  as  for  the  arches.  But  this  would  reduce  the  deflection  of 
cables,  and  thereby  diminish  their  supporting  power  ;  or  it  would  increase  the  rise  of  the  arch 
and  make  the  structure  too  top-heavy  and  too  deep  in  the  centre.  On  further  investigation  it  will 
be  discovered  that  the  proportions  here  assumed  are  efficient  and  economical.  The  more  weight 
thrown  upon  the  cables,  the  cheaper  the  structure  will  be.  But  at  the  same  time  a  certain  amount 
must  be  reserved  for  the  arches,  else  they  will  be  too  light,  and  the  balance  between  the  centre 
span  and  the  side  spans  may  be  endangered  under  the  action  of  heavy  transitory  loads.  Each 
cable  is  composed  of  nineteen  smaller  cables  or  wire-ropes.  The  maximum  tension  of  each  rope  is 
therefore,  764  +  38  =  20-10  tons. 

Allowing  six  times  the  strength,  we  have  the  ultimate  strength  of  each  rope,  20-10  x  6 
=  120  •  60  tons. 

Each  arch  is  composed  of  twelve  channel-bars.  9  in.  deep  ;  we  therefore  find  the  maximum 
compression  of  each  of  the  channel-bars,  764  -4-  24  =  31  •  83  tons. 

Allowing  a  maximum  compressive  force  of  4  tons  to  1  sq.  in.  of  wrought  iron,  we  Ret  the  section 
of  each  bar,  31  -83  -±  4  =  7"96  sq.  in. 

In  the  estimate  of  weight  this  section  was  assumed  at  1\  sq.  in.  average,  at  the  same  time 
allowing  25  sq.  in.  section  for  the  top  plates  in  the  centre.  The  compression  at  the  crown  being 
less,  the  estimate  is  sufficiently  correct  for  the  present. 

For  much  larger  spans  than  500  ft.,  it  may  be  found  more  economical,  and  at  the  same  time 
safer,  to  employ  a  mild  steel  for  the  arches,  and  also  to  manufacture  the  cables  out  of  cast-steel 
wire.  But  it  would  be  a  mistake  to  do  so  in  this  plan,  because  the  weight  of  the  structure  would 
thereby  be  too  much  reduced  for  safety,  and  its  cost  would  be  enlarged.  To  ensure  a  proper  degree 
of  stability  between  the  spans  under  the  action  of  heavy  transitory  loads,  the  weight  of  the  struc- 
ture should  not  be  less  than  1  ton  to  a  foot  lineal,  for  a  single-track  railway,  on  the  supposition 
that  the  maximum  transitory  weights  do  not  exceed  1^  ton  the  foot.  In  this  country,  where 
2  tons  a  foot  are  required  by  law,  a  greater  weight  of  structure  will  be  needed  in  proportion.  But 
for  the  railway  trafile  of  America,  an  allowance  of  3000  lbs.  maximum  load  for  single  track  is 
amply  sufficient. 

The  cables  of  the  side  spans  form  portions  on  the  same  curve  as  those  of  the  middle  span.  The 
only  difference  is,  that  they  are  cut  off  62  ft.  beyond  the  centre.  An  exact  half-span  would 
measure  265  ft.  from  centre  of  tower  to  end  of  truss.  But  the  actual  length  of  the  truss  is  62  ft. 
more,  which  makes  327  ft.,  the  object  being  to  make  the  side  spans  about  300  ft.  in  the  clear  at 
low-water  mark.  Whether  the  cable  is  anchored  at  that  point  or  is  continued,  its  tension  will  not 
vary,  provided  its  weight  or  load  per  unit  of  length  remains  the  same.  In  proportioning  the  arches 
of  the  side  spans,  two  conditions  have  to  be  fulfilled.  Their  horizontal  thrust  at  the  foot  of  the 
towers  must  balance  the  horizontal  pressure  caused  by  the  arches  of  the  central  span.  Secondly, 
their  horizontal  pressure  against  the  anchor-plates  must  balance  the  horizontal  tension  of  the 
cables  at  those  points.  These  two  conditions  will  determine  the  proportions  of  the  arches  as  well 
as  the  length  of  the  spans.  If,  on  the  other  hand,  the  length  of  span  is  fixed,  we  can  also  propor- 
tion the  arches  and  cables  so  as  to  fulfil  the  above  conditions.  An  easy  and  practical  method  for 
a  preliminary  investigation,  is  to  lay  down  the  curve  of  the  table,  then  construct  a  full  arch, 
similar  to  the  central  arch,  on  thick  drawing-paper,  cut  out  its  curved  outline  and  lay  it  down 
upon  the  plan  ;  then  try  its  various  positions,  to  find  out  approximately  what  length  of  span  and 
what  proportions  will  about  suit.  This  examination  made,  we  can  then  calculate  the  proportions 
of  the  arch,  its  supporting  power,  and  its  pressure  at  the  foot  and  at  the  anchor-plate.  This  pro- 
cess, repeated  a  few  times,  will  bring  us  near  enough  to  the  exact  quantities  which  are  required. 
A  practical  method  like  this  will  be  found  much  more  satisfactory,  and  at  the  sanio  time  easier 
and  more  certain  than  the  use  of  complicated  equations. 

By  lowering  the  anchor-plate,  we  shorten  the  cable  until  we  have  reached  its  contro,  which 
forms  an  exact  half-span.  By  raising  the  anchor-plate,  we  lengthen  out  the  span,  and  the  greatest 
length  will  be  obtained  when  the  plate  is  at  the  level  of  the  upper  chord.  In  that  case  the  arch 
would  have  to  rise  above  the  upper  chord.  On  thcother  hand,  we  can  also  reduce  this  span  to  less 
than  a  true  half-span  by  moving  the  anchor-plate  back  until  we  meet  the  upper  chord.  This  point 
of  intersection  will  then  have  a  strong  tendency  to  rise,  which  must  be  met  by  anchoring  to  the 
masonry  in  such  a  manner  that  contraction  and  expansion  from  changes  of  temperature  will  not 
be  interfered  with. 

Strains  in  Arches  and  Cables. — The  trusses  of  the  side  spans  are  327  ft.  long,  measured  from  the 
centre  of  tower.  The  arches  of  the  side  span  form  part  of  a  curve  whose  chord  is  352  ft.  in  length 
with  a  versed  sine  of  18 '8  ft.  The  ratio  of  deflection  to  span  is  therefore  as  1  :  18-72,  and  the 
coefficient  of  compression  2  ■  4. 

The  greatest  weight  upon  the  arches  of  the  central  span  is     450   tons 
Or  per  foot  lineal,  450 -5- 500  =       0-9  „ 

The  weight  upon  the  side  arches  will  be  nearly  the  sanio  per  lineal  foot,  and  we  will  compute 

2  z  2 
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their  compression  by  supposing  their  whole  length  weighted  down  at  the  same  rate.  This  gives  a 
total  weight  of  352  x  0*9  =  316*8  tons.  Hence  their  compression  at  the  foot  of  tower, 
316-8  x  2*4  =  760-32  tons. 

To  illustrate  : 

Let  d  e,  Fig.  1432,  represent  half  the 
chord  of  the  central  arch,  258  ft.  long, 
e  f  twice  the  height  of  its  rise,  equal  to 
80  ft.,  then  the  hypothenuse  df  will  form 
a  tangent  to  the  arch,  and  will  measure 
270,  omitting  fractions.  Now,  the  com- 
pression of  this  arch  is  represented  by  df,  its  horizontal  thrust  by  de,  and  its  vertical  pressure 
by  fe.  Consequently,  we  find  the  horizontal  thrust  of  the  central  arches  (since  the  compression  is 
449-57  X  1-70) 

764  x  258 

764  :  x  :  :  270  :  258  x  = — ,  or  x  =  730  tons. 

¿i  /i) 

Also  let  a  b,  Fig.  1431,  represent  half  the  chord  of  the  side  arch,  equal  to  176  ft.,  and  a  c  its  double 
rise,  equal  to  37 -  6,  then  b  c  represents  the  tangent,  and  will  measure  180  ft.   The  horizontal  thrust 

of  the  arch  is  then  found,  760  :  x  =  180  :  176  x  =  — — =  743  tons.     There  is  a  difference  of 

loO 

13  tons  on  the  part  of  the  side  arch,  which  is  readily  met  by  the  strength  of  the  lower  chord  and 
the  stability  of  the  foot  of  the  tower. 

Again,  let  Fig.  1433  represent  a  rectangular  triangle,  where  a  b  is  one-half  of  the  main  span 
or  265  ft.,  b  c  twice  the  versed  sine  of  the  cables  or  120  ft.,  then  a  c  is  the  tangent,  equal  to  291, 
and  represents  the  tension  of  the  cable,  while  a  b  is  its  horizontal  force,  and  b  c  its  vertical  pressure. 

265  x  764 
We  therefore  find  the  horizontal  force  or  x  ;  291  :  265  :  :  764  :  x  =  "         =  696  tons. 

Aux 


In  Fig.  1434,  let  a  be  the  centre  of  the  anchor-plate,  a  d  a  horizontal  line  40  ft.  long,  b  c  vertical 
to'it  ;  then  make  dc  —  7*25,  and  d  b  =  4'0,  a  c  will  be  =  40*65,  and  a  b  =  40*20  ;  ac  represents 
the  tangent  of  the  arch,  and  a  b  the  tangent  of  the  cable.  In  order  to  find  the  horizontal  force  of 
the  cable  and  arch  at  a,  we  must  first  ascertain  their  relative  tension  and  compression  at  this  point. 

Tons. 

The  tension  of  the  cable  at  the  top  of  the  tower  is         764 

And  in  the  centre  of  the  curve 696 

Diiference 68 

The  decrease  of  tension  being  nearly  uniform,  we  find  the  tension  at  the 

ancnor-plate  about 712 

The  compression  of  the  arch  at  the  tower  is 760 

And  at  the  centre         . .      ^      743 


Difference 17 

The  compression  at  the  anchor-plate  we  find  about       747 

We  can  now  ascertain  the  horizontal  force  of  the  cable  at  the  point  a  : 


712  :*  =  40-20  :  40*00. 


712  x  40       _0  . 

-  708  tons. 


40-2 

In  the  same  way  the  horizontal  thrust  of  the  arches  is  found 

747  x  40 
747  la? -40-65  :40  a? 


753  tons. 


40-65 

The  horizontal  pressure  of  the  arches  is  therefore  27  tons  greater  than  the  horizontal  force  of 
the  cables.  This  excess  is  easily  met  by  the  resistance  of  the  framing,  composed  of  the  upper  and 
lower  chords,  and  by  the  action  of  the  abutment-stays.  A  few  light  tie-rods,  extending  from  the 
anchor-plates  to  the  lower  chords,  will  also  balance  this  excess.  But  if  there  was  a  necessity  to 
establish  an  exact  balance  between  the  horizontal  action  of  the  arches  and  cables,  without  changing 
the  length  of  span,  all  that  would  be  required  is  to  shorten  the  full  chord  of  the  arch,  and  to 
increase  its  versed  sine  a  few  feet,  which  change  would  pass  them  through  the  upper  chord.  This 
change  is  not  desirable,  but  may  be  met  by  increasing  the  height  of  the  trusses  to  the  same  extent. 
Eoebling,  however,  prefers  to  leave  the  proportions  as  they  are,  because  the  ends  of  the  side  spans 
will  be  found  in  practice  to  need  more  stiffness  than  other  parts  of  the  work,  and  this  will  be 
obtained  by  an  increase  of  stiffness  in  the  arch. 

To  add  still  more  to  the  stiffness  of  the  ends,  four  light  wire-rope  stays  or  ties  have  been  intro- 
duced, of  sufficient  strength  to  prevent  oscillations.  To  meet  the  horizontal  action  of  these  stays 
an  excess  of  strength  will  be  found  in  the  upper  and  lower  chords.  Another  object  of  these  stays 
is  to  resist  the  downward  pressure  of  the  three  wire-rope  stays  below  the  floor.  The  object  of  these 
stays  is  threefold.  First  they  will  assist  in  preventing  oscillations  from  passing  loads  ;  secondly, 
they  will  resist  the  uplifting  tendency  of  heavy  storms  and  hurricanes  ;  and,  thirdly,  they  will 
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greatly  stesist  the  free  and  easy  expansion  of  the  structure  caused  by  a  great  increase  of  temperature 
Such  assistance  is  desirable  in  case  of  a  single-track  bridge,  when  care  must  be  had  to  provide" 
enough  safeguards  to  maintain  lateral  stiffness  and  to  prevent  the  structure  from  gettine  out  of 
line.  The  great  tendency  of  the  cables  to  assume  a  vertical  plane  will  of  course  contribute  very 
much  to  the  horizontal  stability  of  the  arches ,  but  it  is  still  advisable  to  avail  ourselves  of  such  a 
cheap  and  effective  auxiliary  as  will  be  provided  by  these  under-floor  stays.  Their  tension  should 
be  adjusted  so  that  a  maximum  contraction  in  the  winter  caused  by  their  own  shrinkage  and  the 
shortening  of  the  superstructure  will  not  overtax  their  strength.  But  it  will  be  observed  that  the 
tighter  they  are  the  more  power  they  will  possess  to  pull  the  structure  back,  when  an  increase  of 
temperature  occurs.  On  that  side  of  the  main  span,  where  its  whole  length,  together  with  one 
side  span,  expands  and  contracts  in  one,  still  longer  stays  may  be  applied,  if  it  should  be  found 
desirable ,  and  also  heavy  weights  suspended  to  it  to  give  them  more  deflection  without  an  increase 
of  tension,  and  thus  to  render  them  more  efficient  and  safe  in  the  performance  of  their  task. 

The  ends  of  the  trusses  are  further  secured  vertically,  as  well  as  laterally,  by  two  wire-ropes, 
one  on  each  side  of  the  structure,  anchored  to  the  pier  by  joints,  which  will  admit  freely  of  the 
movement  of  the  upper  ends,  where  they  are  fastened  to  the  top  chords,  in  accordance  with  the 
contraction  and  expansion  of  the  structure. 

Statical  Condition  of  the  Structure  under  the  Action  of  variable  Loads. — Suppose  a  maximum  transitory 
weight  of  750  tons  evenly  distributed  over  the  whole  length  of  the  central  span,  and  no  loads  upon 
the  side  spans,  what  will  be  the  statical  condition  ? 

The  following  Table  exhibits  the  relative  portions  of  weight  borne  by  the  stays,  the  cables,  and 
the  arches  of  the  central  span  when  taxed  with  a  maximum  load,  including  superstructure. 


Borne  by  stays 
„         cables 
„        arches 

Total 


Weight  of  Transitory 

Superstructure.!         Load. 


Total 
Weight. 


tons. 
150 
290 
210 


650 


tons. 

174 
336 
240 


750 


tons. 
324 
626 
450 


1400 


We  will  first  consider  the  action  of  the  stays.  This  action  is  twofold  :  first  they  exert  a  force 
upon  the  top  of  the  tower,  which  may  be  resolved  in  a  horizontal  and  vertical  direction,  and  will 
be  fully  considered  hereafter.  Secondly,  their  force  produces  a  horizontal  tension  as  well  as 
compression  upon  the  lower  chords.  Now,  as  there  is  a  system  of  stays  on  each  side  of  the  tower, 
if  their  horizontal  action  is  the  same,  the  compression  of  the  chords  on  the  one  side  will  be  met  by 
the  compression  on  the  other  side,  and  there  will  be  equilibrium.  But  if  the  side  span  is  relieved 
of  its  transient  load,  while  the  main  span  remains  loaded,  then  the  equilibrium  between  the 
opposite  stays  will  be  disturbed.  The  tension  of  the  stays  on  the  side  span  being  relieved,  the 
top  of  the  tower  will  slightly  yield  toward  the  main  span,  as  far  as  will  be  permitted  by  its  inherent 
elasticity  and  stiffness.  This  will  partially  restore  the  lost  tension  of  the  stays,  and  the  horizontal 
compression  of  the  chords  will  remain  nearly  the  same.  No  other  change  can  result,  because  the 
stability  of  the  towers  will  be  maintained  by  the  leverage  of  the  side  span,  as  will  appear  hereafter. 

Next,  let  us  consider  the  condition  of  the  central  arches,  under  a  pressure  of  240  tons  produced 
by  the  transitory  load,  without  any  corresponding  weight  upon  the  arches  of  the  side  spans.  The 
compression  at  the  foot  of  the  arches,  caused  by  the  above  weight,  is  240  x  1*  7  =  408  tons,  and 

258 
the  horizontal  thrust,  Fig.  1432,  408  x  —  =  390  tons. 

The  ends  of  the  arches  being  connected  by  the  lower  chords  and  framing  of  the  floor,  these 
parts  will  be  exposed  to  this  thrust  most  directly.     Allowing  5  tons  maximum  tension  a  sq.  in., 

390 

a  section  of  =  78  sq.  in.  will  be  required.     Now  the  lower  chords  are  composed  of  eight 

5 
channel-bars  of  1\  sq.  in.  section  each,  making  60  sq.  in.     Add  the  sections  of  the  9"  girders, 
underneath  the  tracks,  which  are  brought  into  full  action  by  the  braces  at  the  towers,  18  sq.  in. 
Total,  78  sq.  in. 

The  excess  of  pressure  of  the  central  arches  is  therefore  fully  met.  But  the  three  spans  form 
one  continuous  truss,  and  consequently  a  great  resistance  will  also  be  offered  by  the  upper  chord. s 
and  by  the  inherent  stiffness  of  the  whole  structure.  It  is  therefore  plain,  that  so  far  as  the 
arches  are  concerned,  their  stability  and  safety  under  the  action  of  the  heaviest  transitory  loads 
are  sufficiently  secured. 

It  remains  now  to  examine  the  conditions  brought  about  by  the  united  action  of  the  cables  and 
stays  when  taxed  by  a  maximum  load  in  the  main  span,  without  corresponding  loada  in  the  side 
spans.  Tona 

The  weight  upon  the  cables  caused  by  this  load  is  found  in  the  above  Table     . .     33<  ! 
And  the  tension  at  the  top  of  towers,  336  x  1  •  22 410 

265 

The  horizontal  force  acting  at  the  saddle  is  found  to  be,  Fig.  1133,  410  x  —  =     373 

Add  to  this  the  horizontal  force  produced  by  12  stays 165 

Total     538 
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Now  this  combined  force  acts  upon  the  top  of  the  towers,  its  height  serving  as  a  lever,  with  a 

tendency  to  lift  the  adjoining  side  span.     The  moment  of  this  force,  therefore,  is  538  x  62  =  33356. 

The  weight  of  superstructure  of  the  middle  span  was  assumed  at  650  tons,  or  per  foot  lineal 

—  =  1*3  ton.     The  weight  of  the  side  span  per  foot  lineal  is  about  1*2  ton.     The  length  of 

500 

the  side  span  is  327  feet.     Consequently  its  total  weight,  327  xl'2  =  392  ■  4  tons. 

This  weight  may  now  be  supposed  as  acting  at  the  centre  of  the  span,  and  the  leverage  of  its 
action  in  maintaining  the  stability  of  the  whole,  is  equal  to  half  the  length  of  the  span  ;  conse- 
quently the  moment  of  force  is  392  •  4  x  163  •  5  =  64157. 

But  the  end  of  the  side  span  is  held  down  and  kept  from  rising  by  the  stays  underneath  the 
floor  and  by  the  two  powerful  wire-rope  braces  which  secure  their  lateral  position.  These  combined 
resistances  may  be  estimated  at  14S5 

least  at  100  tons,  and  this  force 
acts  with  a  leverage  equal  to 
the  whole  length  of  the  side 
span;  consequently  its  moment 
is  327  x  100  =  32700. 

Total    moment,    93,857,    or 
nearly  three  times  as  much  as  is 
needed  to  maintain  an  equilibrium. 

The  above  investigations  autho- 
rize the  conclusion  that  this  Para- 
bolic Truss  is  not  only  amply  strong 
in  all  its  different  parts  when  uni- 
formly loaded,  but  that  its  safety  and 
stability  are  also  amply  provided 
for  under  the  variable  action  of; 
maximum  loads.  Indeed,  when  com- 
paring the  rates  of  allowances  made 
in  this  plan,  with  those  usually 
observed  with  iron  railway-bridges 
in  this  country,  where  cast  iron  is 
so  abundantly  made  use  of,  it  would 
almost  appear  there  is  an  unneces- 
sary strength  provided  for. 

Roller-plates. — The  whole  length 
of  parabolic  superstructure  is  1184  ft., 
and  forms  one  single  continuous 
truss,  whose  integrity  and  continuity 
must  not  be  interfered  with  in  any 
way  whatever.  Hence  the  great  im- 
portance of  providing  for  efficient 
means  to  facilitate  the  free  contrac- 
tion and  expansion  of  the  work  in 
consequence  of  changes  of  tempera- 
ture. The  superstructure  is  perma- 
nently fastened  and  anchored  upon 
one  of  the  middle  piers,  and  from 
this  fixed  point  the  side  span  ad- 
joining is  allowed  to  expand  and 
contract.  A  roller-frame  is  there- 
fore placed  upon  the  abutment,  or 
upon  the  pier,  which  serves  as  such. 
On  the  opposite  side,  the  middle 
span  together  with  the  side  span  con- 
tracts and  expands  as  one  and  con- 
sequently roller-frames  are  placed 
upon  the  second  middle  pier,  as  well 
as  upon  the  abutment. 

No  strife  or  interference  between 
the  different  parts  of  the  structure 
can  take  place  while  this  process  of 
contraction  and  expansion  is  going 
on,  because  all  parts  are  made  of 
the  same  kind  of  material — wrought 
iron  —  and  therefore  the  arches, 
cables,  chords,  and  towers  will  go 
and  come  in  the  same  relative  ratio. 
When  the  temperature  increases,  the 
chords,  arches,  and  cables  will  in- 
crease their  length,  and  the  whole 
structure  will  be  lengthened  out. 
The  panel  or  truss  posts  will  in- 
crease their  length  :  in  the  same 
ratio  the  arches  will  rise  and  the 
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cables  will  sink,  preserving  a  uni- 
form tension  among  the  suspenders 
and  panel-rods.  At  the  same  time 
the  towers  will  raise  their  heads 
and  compensate  for  the  increased 
length  of  cables  and  stays.  The 
whole  truss  may  be  considered  as 
fastened  to  one  metallic  sheet  in  a 
vertical  position,  expanding  or  con- 
tracting in  all  directions. 

A  bar  of  wrought  iron  150,000  ft. 
in  length  will  expand  or  contract 
1  ft.  for  every  degree  of  change. 
Now  assuming  the  extremes  of  tem- 
perature at  150°,  the  extreme  limit 
of  contraction  and  expansion  of  one 
middle  and  side  span,  which  mea- 
sures  857  ft.    in   length,  will    be 

0  •  857  ft.  The  roller-plates  on  that 
abutment  must  therefore  allow  of 
this  much  play.  Whether  the  tem- 
perature of  the  iron  rises  to  120° 
in  a  July  sun,  or  falls  to  30°  below 
zero  in  the  dead  of  winter,  we  are 
sure  that  all  parts  of  the  structure 
will  freely  accommodate  themselves 
to  these  changes,  and  will  never 
fail  on  that  account  to  support  their 
allotted  parts. 

An  inspection  of  the  cross  and 
longitudinal  section  of  roller-plates, 
Fig.  1435,  will  make  their  simple 
construction  perfectly  plain.  Both 
the  upper  and  lower  plates  are  of 
cast  iron;  the  rollers  between  are 
of  wrought  iron.  The  inner  faces 
of  the  plates  must  be  planed  off  true, 
so  that  the  bearing  of  the  rollers, 
which  are  all  turned  off  to  the  same 
diameter,  will  be  even  and  uniform. 
It  is  customary  to  connect  the  rollers 
by  a  frame  ;  but  this  is  an  unneces- 
sary expense  and  no  improvement. 
The  edges  of  the  rollers  are  slightly 
rounded  off,  say  ì  in.,  and  the  plates 
confine  the  rollers  between  flanges 

1  in.  deep.  These  flanges  are  sloped 
ì  in.,  which  prevents  friction  be- 
tween them  and  the  rollers.  At  the 
same  time  the  slope  is  too  steep  to 
admit  of  the  mounting  upon  it  of 
the  edges  of  the  rollers.  To  ensure 
parallelism  between  the  rollers,  they 
are  placed  together  where  the  pres- 
sure is  very  great,  and  where  the 
pressure  is  light,  as  in  the  case 
before  us,  they  are  spaced  by  insert- 
ing between  them  strips  of  seasoned  pine-wood  well  soaked  in  linseed  oil.  With  the  weight  of  the 
structure  upon  the  plates  the  rollers  will  keep  their  relative  positions.  It  is  easier  and  cheaper  to 
ensure  parallelism  on  this  plan  than  by  the  employment  of  rol  1er- frames.  Steel  rollers  are  some- 
times used  in  place  of  iron  rollers.  But  this  is  objectionable  in  connection  with  cast-iron  plates, 
The  rollers  on  the  towers  of  the  Niagara  Bridge  are  made  of  cannon-metal,  and  are  5  in.  in  diami  iter. 
When  steel  is  used  for  rollers,  both  plates  should  be  faced  with  steel  ;  if  not,  then  the  hard  rollers 
will  make  an  impression  on  the  softer  cast  iron. 

The  rollers  exhibited,  Fig.  1435,  are  4'  4"  long  and  3"  in  diameter.  The  plates  are  3"  thick. 
The  lower  plate  is  well  settled  on  a  heavy  bed  of  rich  cement-mortar.  The  wooden  strips  between 
the  rollers  are  not  represented  on  the  plates  which  support  the  tower,  Figs.  1436,  1437. 

Towers. — The  towers  are  62  ft.  high  above  the  roller-plates.  Each  tower,  Figs.  1436,  1437,  is 
composed  of  two  shafts,  which  form  parts  of  the  trusses,  and  are  firmly  connected  with  the  chorda 
and  arches.  Each  of  the  shafts  is  composed  of  three  columns,  and  each  column  again  may  be 
constructed  either  of  four,  six,  or  eight  sections.  Fig.  1438  exhibits  a  section  of  a  column  com- 
posed of  six  segments.  In  Figs.  1436,  1437,  the  columns  are  drawn  with  four  segmente  only.  The 
interior  circle  of  the  column  is  assumed  at  16  in.  The  shafts  being  59'  2"  high  from  the  roller- 
plate  to  the  saddle,  the  sections  may  be  rolled  about  20  or  30  ft.  long,  so  as  to  break  joints.  Every 
joint  must  be  covered  by  a  splicing-plate  inside.     The  intermediate  platea  which  connect  the 
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segments,  also  breaking  joints  with  them,  will  likewise  add  to  the  firmness  of  the  columns.  Both 
ends  of  the  columns  are  to  be  planed  off  true,  and  so  must  be  the  end  of  every  intermediate  piece, 
so  that  every  joint  will  make  a  tight  fit.  The  respective  columns  of  the  opposite  shafts  are  con- 
nected horizontally  by  a  system  of  channel-bars  and  diagonals,  which  will  fully  ensure  their  lateral 
security.  This  is  further  increased  by  two  lattice-beams,  which  connect  the  cast-iron  saddles,  as 
is  plainly  exhibited  in  Fig.  1437.  The  top  roller- 
plate  being  planed  off  on  both  sides,  the  lower  ends 
of  the  columns  will  have  a  fair  level  seat  upon  them. 
The  shafts  are  thus  enclosed  between  the  foot  of  the 
arches  and  the  lower  chords,  and  firmly  connected 
with  them  laterally  by  flat  bars,  angle-irons,  and 
stay-bolts.  When  the  flanges  of  the  inner  channel- 
bars  and  those  of  the  columns  meet  and  interfere 
with  each  other,  they  are  cut  away  for  a  few  inches. 
The  truss-posts  at  the  towers  are  also  firmly  con- 
nected with  the  shafts,  and  so  are  the  upper  chords, 
and  these  connections  will  add  much  to  the  strength 
of  the  structure.  In  the  direction  of  the  trusses  each 
tower  is  further  secured  by  four  lattice-braces  which 
run  between  the  chords  and  arches.  The  stability  of  the  towers  in  this  direction  is  also  increased 
by  the  stays,  and  in  a  lateral  direction  two  powerful  wire-rope  guys  add  to  their  security.  These 
guys  serve  as  anchors,  and  being  hinged  at  the  lower  ends,  will  not  interfere  with  the  free  con- 
traction and  expansion  of  the  structure.  To  guard  against  lateral  vibration  of  the  lattice-braces, 
their  outer  chords  are  strengthened  by  plates  12  in.  wide  and  |  in.  thick,  riveted  to  a  heavy 
"¡"-bar  which  connects  with  the  lattice-bars,  Figs.  1560  to  1563. 

It  will  be  noticed  that  the  towers,  forming  one  connected  whole  with  the  trusses  and  arches, 
will  move  freely  on  the  roller-plates  along  with  the  rest  when  affected  by  contraction  and  expan- 
sion on  that  pier  which  is  provided  with  roller?.     On  the  other  piers  the  towers  are  stationary. 

The  greatest  vertical  pressure  upon  one  tower  (two  shafts)  is  equal  to  950  tons.    Allowing  4  tons 

950 
maximum  compression  for  1  sq.  in.  section  of  iron,  we  should  require  ——  =  237§  sq.  in.,  or 

118f  sq.  in.  in  each  shaft.  In  place  of  this,  we  have  allowed  a  section  of  150  sq.  in.,  which 
reduces  the  pressure  upon  each  superficial  inch  to  3*16  tons  at  the  top  of  the  tower.  As  we 
descend,  the  strength  increases  considerably  by  aid  of  the  lattice,  and  when  the  upper  chords  are 
reached  the  strength  is  nearly  doubled.  We  are  therefore  sure  that  ample  allowance  is  made  for 
the  supporting  power  of  the  towers. 

Saddles. — The  saddles  on  top  of  the  towers  are  of  cast  iron,  8  ft.  long  by  3  ft.  6  in.  wide  at  the 
bottom  plate.  The  construction  is  given  in  Figs.  1436,  1437.  The  lower  face  is  planed  off,  so 
that  when  the  top  of  the  columns  is  brought  to  a  level,  the  two  surfaces  will  have  a  fair  and  equal 
bearing.  In  order  now  to  secure  the  saddle  horizontally,  six  small  segmental  plates  are  fitted 
around  each  column,  and  secured  to  the  bottom  of  the  saddle  by  set  screws.  To  do  this,  an  exact 
template  should  be  formed  of  the  top  of  the  shaft,  before  the  saddle  is  hoisted  ;  then  the  holes  may 
be  marked  off  for  the  set  screws,  and  sunk  into  the  saddle  :  the  small  plates  can  then  be  screwed 
on  to  its  lower  side  before  the  saddle  is  finally  put  in  place. 

The  inside  section  of  the  saddle  is  so  shaped  that  the  wire-ropes  for  supporting  the  cables  and 
stays  will  occupy  their  relative  positions.  Four  ropes  are  placed  in  the  bottom  row  ;  they,  together 
with  the  two  outside  ropes  of  the  next  tier,  compose  the  six  stays.  The  next  three  middle  ropes, 
the  second  tiers,  form  the  lowest  layer  of  the  cable. 

Two  forged  pieces  of  wrought  iron  '4"  x  6",  with  triangular  pieces  underneath,  are  let  into  the 
four  notches  of  the  sides  of  the  saddle  and  screwed  down  for  the  purpose  of  securing  the  cables  and 
to  prevent  sliding.  This  being  done,  the  cables  and  tower  now  form  one.  When  there  is  a  greater 
strain  on  one  side  than  on  the  other,  the  elasticity  of  the  tower  will  admit  of  sufficient  yield  to 
equalize  the  difference. 

Anchor-plates. — The  end  of  each  cable  is  secured  to  a  cast-iron  plate,  which  at  the  same  time 
serves  for  the  arch  to  butt  against,  and  thus  the  two  are  made  to  balance  each  other.  Figs.  1439 
to  1441  exhibit  views  of  both  faces  of  the  plate,  and  also  a  section  in  which  the  fastening  of 
the  ends  of  the  wire-ropes  is  made  clear.  Tho  dimensions  of  the  plates  are  4'  2"  x  3'  8",  with 
a  thickness  of  metal  of  8"  in  the  centre  and  3"  around  the  sides,  strengthened  by  ribs.  A  cable 
being  composed  of  nineteen  ropes  or  smaller  cables  (twisted  or  not),  there  are  nineteen. correspond- 
ing holes  for  their  reception.  These  holes  are  conically  shaped,  the  larger  opening  having  twice 
the  diameter  of  the  smaller  one.  Some  of  the  large  openings  are  elliptically  shaped,  in  order  to 
gain  room.  That  face  which  serves  as  an  abutment  for  the  channel-bars,  composing  the  arch,  is 
to  be  planed  off  to  admit  of  a  fair  bearing.  The  weight  of  the  plate  is  supported  by  its  upper 
flange,  which  rests  upon  the  ends  of  the  upper  channel-bars.  A  further  support  is  provided  by 
two  cast-iron  posts  which  fit  against  the  face  of  the  end  truss-posts  and  are  bolted  to  it.  It 
remains  now  to  convey  a  clear  idea  of  the  manner  of  securing  the  ends  of  the  small  cables  within 
the  plate.  This  is  done  by  spreading  apart  the  different  wire-strands  and  wires  which  compose  a 
rope,  and  inserting  a  number  of  iron  points  between  them  in  such  a  manner  that  the  whole  span 
inside  of  the  conical  hole  is  filled  out  solid,  Fig.  1440.  By  these  means  the  end  of  the  rope  is 
swelled  out  into  a  conical  lump  8  in.  long,  which  cannot  slip  out  of  the  plate  without  bursting  it. 

It  is  important  that  these  plates  should  be  cast  of  the  strongest  metal — good,  strong,  cold-blast 
charcoal  metal — such  as  is  used  for  the  manufacture  of  good  car-wheels.  The  points  driven 
in  between  the  wires  may  vary  in  length  as  well  as  in  thickness.  First  drive  in  a  number  of  long 
ones,  6  to  8  in.  in  length,  about  £  in.  in  diameter  at  the  thick  end  and  gradually  reduced  to  a 
point,  filed  ofi'  round  and  dipped  in  linseed  oil  bcfo3r  driving,  to  make  them  go  easy.    Also  pour 
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some  linseed  oil  between  the  wires,  to  make  them  smooth.     The  oil  will  prevent  the  staving  un  of 
the  wires  and  facilitate  the  process.   After  filling  up  the  remaining  spaces  with    1 
ner  points,  then  cut  off  ..„. 
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the  ends  of  the  wires 
projecting  over  the  plate 
even  with  it,  one  after 
another,  and  bend  their 
ends  to  a  right  angle 
over  the  ends  of  the 
points.  This  being  ac- 
complished, apply  a  clay- 
mould  around  the  whole, 
so  as  to  form  a  raised 
rim,  and  pour  in  melted 
lead,  which  will  fill  al] 
the  remaining  interstices 
and  make  the  whole  one 
compact  mass.  After  re- 
moval of  the  mould  apply 
the  hammer  to  make  the 
lead  solid,  file  it  smooth, 
and  round  it  off  a  little 
to  give  it  a  finish.  To 
insert  the  ends  of  the 
ropes  without  trouble,  it 
is  necessary  to  wrap  them 
well  with  annealed  wire , 
and  as  the  end  is  forced 
in,  the  wrappings  will  be 
pushed  back. 

Stays. — Similar  to  the 
plan  just  described  is 
the  method  of  fastening 
the  ends  of  the  stays  : 
with  this  difference  — 
that  each  stay-rope  has 
a  cast-iron  socket  for 
itself.  This  socket,  to- 
gether with  the  wrought- 
iron  stirrup  which  holds 
it,  is  represented  by  Figs. 

1442  to  1445.  The  stirrup  is  made  of  round  iron 
l-¡-"  diameter,  and  varies  in  length  to  suit  the 
inclination  of  the  stay.  "Where  the  stirrup  passes 
around  the  floor-beam,  a  small  segmental  casting, 
forming  a  seat  for  the  stirrup,  is  fitted  against 
the  beam,  for  the  purpose  of  giving  the  stirrup 
a  fair  bearing.  The  screws  must  be  long  enough 
to  tighten  the  stays.  To  preserve  their  straight 
lines,  they  are  connected  with  the  suspenders  by 
wire  wrappings. 

It  will  be  noticed  that  the  stays  as  well  as 
suspenders,  together  with  the  cables,  are  all  sus- 
pended in  one  vertical  plane  which  passes  through 
the  centre  of  the  2-ft.  space  left  open  between 
the  two  rows  of  truss-posts.  The  cross-bars 
connecting  each  pair  of  posts  are  not  to  be  put 
up  until  the  stays,  cables,  and  suspenders  have 
been  placed  and  fixed  in  their  position. 

At  the  ends  of  the  trusses  four  small  stays 
may  be  noticed,  which  are  provided  for  the  pur- 
pose of  guarding  against  vibrations  at  those 
points,  and  also  to  add  to  the  supporting  strength. 
The  upper  and  lower  chords  being  necessary,  in- 
dependent of  support  ;  their  strength  is  thereby 
brought  into  play.  Accordingly  as  much  tension 
is  thrown  upon  the  stay-ropes  as  the  resistance 
of  the  chords  will  permit.  The  ropes  are  double, 
and  their  diameter  varies  from  1  to  2  in. 

Cables. — There  are  two  wire-cables,  one  on  each 
side,  suspended  in  vertical  planes  between  the 
double  rows  of  truss-posts.  Each  cable  is  com- 
posed of  19  wire-ropes  of  2£  in.  diameter.  The 
maximum  tension  of  the  two  cables  at  the  tower  is  7G4  tons,  and  at  the  centre  of  the  main  span 
696  tons.    Dividing  764  by  36,  we  have  the  tension  of  each  rope  equal  to  20  ^  tons  ;  and,  allowing 
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six  times  the  strength,  we  have  for  the  ultimate  strength  of  each  rope  120*6  tons.  Although  the 
tension  of  the  cables  is  less  in  the  centre,  the  same  section  and  strength  are  observed  throughout. 
A  chain  may  be  tapered,  but  it  would  be  false  economy  to  attempt  it  in  a  cable.  Fig.  1446  shows 
a  section  of  one  cable  on  a  larger  scale.  The  nineteen  ropes  are  suspended  in  five  layers,  and 
care  must  be  had  to  preserve  the  relative  position  of  each  layer,  as  well  as  of  each  individual  rope, 
throughout  its  length,  so  that  the  union  of  the  whole  nineteen  will  in  section  form  a  hexagon.  The 
suspenders  being,  attached  every  10  ft.,  a  strap  is  laid  around  the  cable,  and  screwed  up  tight,  to 
preserve  its  form.  These  straps  should  be  made  by  about  three  different  patterns,  to  suit  the 
inclination  of  the  different  parts  of  the  cables.  When  putting  them  on,  they  are  heated  in  a  small 
hand-forge,  and  a  strip  of  sheet  iron  is  laid  over  the  cable  to  prevent  heating  the  wire.  After 
closing,  they  are  cooled  by  pouring  on  water. 

To  keep  snow  and  wet  out  of  the  cables,  they  1446.  1447. 

should  be  protected  by  a  half-circular  cover  made 
of  tin,  secured  to  the  straps  by  small  wire  wrap- 
pings. This  is  indicated  in  Figs.  1446  to  1449. 
A  uniform  tension  of  the  ropes  is  easily  ob- 
tained by  suspending  them  parallel  to  each  other 
in  level  layers,  and  in  close  contact.  First  secure 
one  end  in  the  anchor-plate;  then  adjust  the 
rope  in  the  saddles  with  a  proper  deflection  at 
the  lowest  point  of  each  span.  Then  pass  the 
other  end  through  the  other  plate,  open  the 
seven  strands,  and  pass  the  centre  one  through 
a  conical  tube  7  in.  long,  wide  enough  at  the 
small  end  to  admit  the  strand,  and  at  the  other 
end  enlarged  to  double  the  diameter.  The  whole 
rope  being  a  little  longer  than  necessary,  say 
1  to  2  ft.,  the  centre  may  be  fastened  tempo- 
rarily or  anchored  back,  preserving  at  the  same 
time  its  central  position  in  the  hole.  By  slack- 
ening or  tightening  this  centre  now,  the  position 
of  the  rope  in  the  cable  may  be  adjusted.  When 
right,  drive  the  hollow  tube  into  the  anchor- 
plate  some  distance,  and  at  the  same  time  insert  a 
number  of  large  points,  and  drive  them  all  in  uni- 
formly. When  all  the  large  pins  are  in,  the  centre 
may  be  released,  and  the  untwisted  wires  may 
be  cut  off  the  right  length.  Then  insert  thinner 
points  in  the  centre  tube,  and  fill  it,  and  com- 
plete the  whole.  To  give  a  support  to  the  anchor- 
plate,  it  is  of  course  necessary  to  put  up  the 
truss-posts  as  far  as  they  rest  on  the  abutment, 
and  to  secure  them  temporarily  by  timber- 
bracing.  And  it  will  also  be  necessary  to  pro- 
vide for  a  temporary  anchorage  of  the  anchor- 
plate  itself  before  the  arches  are  put  up.  This 
may  be  done  by  extending  a  few  wire-ropes  from 
the  anchor-plate  and  posts  to  the  next  pier  or 
abutment,  and  secure  them  ;  and  if  this  masonry 
is  not  strong  enough,  a  temporary  anchorage  of 
timber  and  stone  must  .be  put  on  shore,  of  suffi- 
cient strength  to  resist  the  pull  of  the  cables. 

The  same  wire-ropes  which  are  to  be  used  for  .  ¡  1449. 

the    abutment-stays   and  for  the  storm-cables, 

and  which  are  to  be  delivered  in  long  coils,  may  be  advantageously  used  for  this  temporary  anchor- 
age with  very  little  loss  or  waste. 

The  tension  of  each  full  cable,  resulting  from  their  weight  when  freely  suspended,  will  be 
63  tons  ;  and  this  has  to  be  fully  met  and  supported.  By  the  use  of  a  few  railroad  bars  laid  across 
the  posts  above  and  below  the  anchor-plates,  and  by  passing  stirrups  or  chains  around  them,  the 
anchor-ropes  may  be  attached.  On  the  shore  they  may  be  fastened  to  similar  bars,  placed  in  an 
excavation,  the  bars  to  be  secured  to  a  rough  framework  of  timber  and  plank,  and  this  may  be  kept 
in  its  place  by  earth,  gravel,  stone,  and  other  heavy  material  ;  it  may  also  be  assisted  by  braces. 
Piles  may  also  be  driven  to  increase  the  resistance  of  this  temporary  anchorage. 

In  order  to  put  up  the  arches  and  other  parts  of  the  superstructure,  a  temporary  platform  and 
footway  will  have  to  be  suspended.  As  to  the  cables,  a  light  foot-bridge  under  each  will  be  all- 
sufficient,  and  the  same  anchorage  which  answers  for  the  main  cables  will  answer  for  the  foot-bridge 
cables.  It  should  be  observed  here,  that  the  temporary  anchorage  should  be  made  strong  enough 
to  resist  a  pressure  of  about  400  tons,  because  this  much  tension  may  be  produced  by  the  cables 
while  erecting  the  superstructure. 

While  putting  the  ropes  in  the  cables,  they  should  receive  another  coat  of  durable  paint. 
Allowance  must  be  made  for  the  stretch  of  the  cables.  All  wire  will  stretch,  whether  made  of 
steel  or  iron.  A  No.  8  steel  wire  of  good  quality,  capable  of  supporting  a  weight  of  3000  to  3400  lbs., 
and  5  ft.  long,  will  stretch  1  in.  before  breaking.  After  being  taxed  with  a  full  load  for  some  time, 
the  stretch  of  the  cables  will  cease,  because  the  material  will  have  assumed  a  permanent  set.  After 
this,  no  more  elongation  will  take  place.    The  deflection  of  the  cables  in  the  main  span,  after  the 
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wire  has  attained  a  permanent  set,  is  to  be  60  ft.  An  allowance  of  1  to  2  ft.  should  be  made  for 
settlement.  If  the  cables  are  well  made,  1  ft.  will  be  enough  ;  but  if  poorly  made,  3  ft.  may  not  be 
sufficient.  To  be  more  explicit,  the  cables  should  be  suspended  with  a  deflection  of,  say  58  ft.,  if 
well  made,  and  if  not,  56  to  57  ft.  will  be  safer. 

In  order  to  make  the  cables  bear  their  allotted  portion,  the  suspenders  have  to  be  screwed  up 
repeatedly  after  full  trains  have  passed  over  the  work.  The  permanent  set  of  the  cables  will  make 
itself  felt  distinctly  if  attention  be  paid  to  it.  On  the  other  hand,  it  would  be  wrong  to  tax  them 
too  much,  and  thereby  relieve  the  arches  to  an  undue  degree.  A  proper  adjustment  may  at  first 
sight  appear  to  be  impossible,  or  at  any  rate  attended  with  great  difficulty.  But  if  the  directions 
given  here  are  strictly  carried  out,  this  adjustment  may  be  readily  accomplished. 

The  weight  of  the  superstructure  which  is  to  be  borne  by  the  cables  of  the  main  span  is  290  tons. 

290 
The  number  of  suspenders  is  96,  and  therefore  the  weight  borne  by  each  is  — -  =  3  *  02  tons. 

yt> 
Each  suspender  being  attached  to  a  stirrup  which  has  two  screws,  the  weights  to  be  borne  by  each 
single  screw  will  be  1%  ton,  or  3000  lbs.  Now  practise  a  few  intelligent  men  in  raising  a  weight  of 
3000  lbs.  by  such  a  screw,  using  a  screw-wrench  of  a  certain  length,  say  18  in.  The  screws  should 
be  well  cut,  so  as  to  run  easy  and  smooth.  No  stirrup  should  go  into  the  work  without  having  the 
screws  well  examined,  well  cleaned,  run  smooth,  and  oiled. 

The  handles  of  the  wrenches  should  be  just  long  enough  to  require  the  average  strength  of  a 
man's  arm.  To  make  this  operation  still  more  certain,  the  wrench  may  be  tested  by  a  suspended 
weight,  so  that  the  men  can  compare  their  strength  with  the  actual  weight.  Much  depends  upon 
the  cut  of  the  screws  ;  with  good  uniform  threads,  every  suspender  must  be  brought  to  a  fair  and 
equal  bearing. 

The  length  of  the  suspenders  being  calculated,  they  are  manufactured  accordingly,  and  put  in 
place  ;  but  the  theoretical  length  will  never  exactly  agree  with  the  actual  length,  and  the  differ- 
ence is  made  up  by  screwing.  The  above  remarks  on  suspenders  will  equally  apply  to  the  stays. 
The  ultimate  strength  of  each  stay  is  100  tons,  and  they  are  calculated  to  bear  an  ultimate  tension 
of  i,  or  20  tons,  caused  by  the  superstructure  and  a  maximum  load.  Now,  the  proportion  of  weight 
of  superstructure  to  that  of  maximum  load  which  falls  upon  the  stays  is  as  150  :  174,  as  will  be 
seen  in  the  Table  of  relative  loads  ;  consequently  they  may  be  screwed  up  to  a  tension  of  about 
9  tons,  and  this  is  accomplished  with  a  wrench  of  about  3|  to  4  ft.  long. 

After  the  cables  have  obtained  their  permanent  set,  and  the  suspenders  and  stays  have  been 
adjusted,  no  more  attention  need  be  paid  to  this  part  of  the  structure.  The  relative  supporting 
power  of  the  cables,  stays,  and  arches  will  remain  unaltered,  they  will  not  undergo  any  further 
change.  And  as  changes  of  temperature  will  influence  the  aches  as  well  as  the  cables  alike,  no 
strife  between  the  different  members  can  arise  on  that  account. 

The  curve  formed  by  a  cable  when  freely  suspended  and  not  loaded,  will  be  that  of  a  catenary, 
because  the  weight  of  a  unit  of  cable  is  supposed  to  be  the  same  throughout  its  length.  But  with 
a  weighty  horizontal  platform  suspended  to  the  cables  their  curve  is  changed,  and  will  be  found 
to  correspond  more  to  a  parabola  than  to  a  catenary.  The  suspenders  may  accordingly  be  calcu- 
lated for  a  parabola,  but  it  will  be  found  in  practice  that  they  vary,  and  sometimes  considerably, 
from  both  curves.  The  screws  at  the  ends  of  the  suspenders  will  be  the  means  of  adjustment. 
But  another  change  in  the  curvature  of  the  cables  will  take  place  when  the  stays  are  tightened 
and  begin  to  relieve  the  cables  at  those  points.  They  will  then  be  lowered  in  the  centre  and 
raised  near  the  towers.  Allowance  must  be  made  for  this  in  the  length  of  the  suspenders,  so  far 
as  the  stays  extend. 

Suspenders.— The  maximum  weight  borne  by  the  96  suspenders  of  the  middle  span  is  626  tons. 
Each  suspender,  therefore,  has  to  support  6^%  tons.  Allowing  seven  times  the  strength,  we  want 
for  the  wire-rope  suspenders  an  ultimate  strength  of  45  tons,  or  If"  diameter  rope. 

Figs.  1444,  1445,  show  a  wire-rope  suspender,  both  ends  fastened  in  wrought-iron  sockets,  and 
the  lower  socket  attached  to  a  stirrup  which  passes  around  the  floor-beam.  Figs.  1447  to  1449 
exhibit  one  of  the  short,  solid  suspenders  hung  to  the  cable-strap  and  to  the  stirrup  below.  The 
rods  are  U"  diameter,  and  the  stirrups  1J"  diameter.  These  dimensions  may  appear  extravagant, 
but  when  it  is  considered  that  under  a  heavy  passing  load,  every  single  suspender  is  taxed  more 
than  its  general  proportion,  this  large  allowance  will  be  justified. 

Chords.— The  arrangement  of  the  upper  and  lower  chords  is  plainly  exhibited  on  the  plans. 
Figs.  1436,  1437,  show  it  more  particularly.  The  9-in.  channel-bars  composing  them  extend  from 
end  to  end  without  interruption.  The  lower  chords  are  not  plated  underneath  at  any  point. 
This  is  not  wanted  on  account  of  strength,  and  their  lateral  stiffness  is  amply  ensured  by  the 
floor-beams,  by  the  plates  to  which  the  tie-rods  are  secured,  and  by  the  stay-bolts.  Nor  are  the 
upper  chords  plated  on  top,  except  in  the  side  spans  from  the  end  of  the  truss  to  the  point  where 
the  cable  enters.  These  top  plates  are  \  in.  thick  and  50  in.  wide.  The  cross-beams  are  here 
placed  on  top  of  these  plates  and  riveted  to  it. 

The  splicing  of  the  chords  is  done  in  the  same  manner  as  that  of  the  arches.  W  honorer  a 
stay-bolt  is  applied  to  the  chords  it  is  passed  through  a  gas-tube,  which  is  cut  oil  on  the  lathe  to 
the  right  length,  and  thus  a  firm  and  simple  connection  is  made.  In  order  to  meet  the  thrust  ot 
the  arches,  in  excess  in  the  one  span,  while  no  load  is  on  the  other,  a  section  of  60  sq. m,  was 
found  to  be  necessary  for  the  lower  chords.  The  horizontal  action  of  the  stays  at  the  tower  is 
compressional  only,  and  does  not  add  to  the  tensile  strength  of  the  arches.  The  horizontal  action 
upon  the  chords,  which  results  from  the  diagonal  rods  in  the  panels,  is  balanced  in  each  panel, 
and  requires  therefore  but  little  section. 

A  section  of  6  sq.  in.  for  the  channel-bars  of  the  upper  chords  will  be  an  ample  allowance. 
The  same  section  may  be  observed  throughout  the  length  of  chord.  It  is,  however  necessary  to 
make  the  splices  of  the  lower  chords  as  strong  as  the  channel-bars  themselves,  so  that  they  may 
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resist  a  full  tensile  strain,  which  may  be  brought  upon  them  by  the  arches  when  the  spans  are 
unequally  loaded. 

Posts. — The  posts  are  of  the  beam  section,  and  9  in.  wide  or  deep  ;  Figs.  1450.  1451,  exhibit 
sections  on  a  larger  scale  :  the  weight  is  25  lbs.  a  foot.  All  the  posts  are  22  ft.  long,  except  those 
in  the  centre  span,  which  vary  from  22  to  44  ft. 

Each  truss  consists  of  two  rows  of  posts  planted  24  in.  apart,  in  which  open  spaces  the  cables, 
stays,  and  suspenders  are  freely  suspended.  They  are  firmly  connected  by  horizontal  bars  If  in. 
square:  the  ends  of  these  bars  are  spread  out  so  that  they  will  give  room  for  4  rivets  of  f  in. 
diameter,  to  be  fastened  upon  the  flanges  of  the  posts.  Each  cross-bar  is  therefore  held  by 
8  rivets. 

In  order  to  increase  the  lateral  stiffness  and  stability  of  the  trusses,  the  intervening  space 
between  the  posts  may  be  enlarged  to  30  or  36  in.  ;  and  the  connecting-bars  should  then  be  2  in. 
in  place  of  If  square.  The  vertical  stiffness  of  the  posts  in  the  direction  of  the  trusses  is  aided  by 
horizontal  connecting-bars  at  the  centre.  These  bars  are  only  1  in.  diameter,  pass  through  the 
web  of  the  posts,  and  are  simply  screwed  up  by  a  nut  at  the  end,  as   is  shown,  Figs.  1450,  1451. 


1451. 


1452. 


By  tightening  these  bars  uniformly,  the  lateral  position  of  the  posts  is  secured 
and  vibration  prevented.  This  provision  is  very  necessary,  on  account  of  the 
great  length  of  the  posts. 

Arches. — The  arches  are  formed  of  channel-bars,  Fig.  1452.  The  posts 
being  20  ft.  apart,  the  channel-bars  are  rolled  of  the  same  length  so  that  the 
splices  all  come  upon  the  posts.  It  will  be  noticed  that  the  connections  with  the 
splicing-plates  are  made  with  screw-bolts,  and  not  with  rivets.  This  will  greatly 
facilitate  the  putting  up  and  adjustment  of  the  arches.  One  of  the  practical 
difficulties  in  putting  up  such  work  is  to  make  the  ends  meet,  and  to  make  a 
tight  and  workmanlike  fit,  so  important  in  arches  and  chords.  This  difficulty  is  much  increased  by 
great  variations  of  temperature,  and  hence  the  importance  of  using  screw-bolts  in  place  of  rivets. 
The  bars  may  at  first  be  put  together  loosely  and  without  any  tight  fit,  by  using  small  bolts  tempo- 
rarily, which  are  to  be  removed  after  the  joints  are  brought  to  a  close.  Each  pair  of  splicing-plates, 
opposite  each  other,  is  connected  by  six  bolts  of  ■§■  in.  diameter,  or  three  on  each  side  of  a  post  ;  on 
being  drawn  tight,  they  embrace  them  solid  and  firm.  In  order  to  screw  these  up  tight,  they  must 
not  be  enclosed  in  tubes.  The  remaining  four  bolts,  on  the  other  hand,  are  passed  through  gas-tubes 
9  in.  long  and  1  in.  wide,  which  therefore  preserve  the  distance  between  the  channels  and  serve  as 
stay-bolts.  Two  small  plates  4  in.  x  7  in.  x  |  in.  thick  are  riveted  to  the  post  and  fitted  between 
the  channels.  Two  of  the  channels  are  therefore  firmly  enclosed  between  these  plates  and  the 
brackets.  To  add  still  further  to  the  stiffness  of  the  splices,  the  cross-channels  which  connect  the 
two  lines  of  trusses  are  filled  in  between  and  firmly  bolted  to  the  posts,  while  at  the  same  time 
their  flanges  are  riveted  to  the  flanges  of  the  arches.  When  the  latter  cross  the  posts  obliquely, 
the  cross-channels  have  to  be  heated  and  swedged  in  a  block  by  pressure,  so  as  to  fit  the  oblique 
section.  By  using  wedges  of  different  shapes  to  correspond  to  the  inclination  of  the  arch,  one 
press  or  one  pair  of  blocks  or  dies  will  do  for  the  whole.  If  the  cost  of  such  a  press  is  objected  to, 
the  flanges  of  the  cross-channels  may  be  cut  out  and  the  stem  only  bolted  to  the  post. 

So  far  as  the  arches  rise  above  the  upper  chords  in  the  central  span,  the  upper  channels  are 
connected  by  a  top-plate  of  I  in.  thick  riveted  to  the  upper  flanges.  Laterally,  between  the  posts 
in  each  panel,  the  arches  are  again  connected  by  four  channels  of  50  in.  length  each,  and  also  by 
stay-bolts  passing  through  gas-tubes. 

Where  the  arches  rise  above  the  upper  chords,  the  channels  forming  the  latter  are  cut  out  and 
planed  off  to  the  proper  level  to  make  a  good  fit.  Splicing-plates  are  then  riveted  over  the  joint, 
and  the  respective  flanges  are  also  connected  by  rivets.  At  the  same  time  a  plate  of  4  ft.  long  by 
2  ft.  wide  and  I  in.  thick  is  riveted  down  on  top,  so  as  to  cover  all  the  joints.  The  depth  of  each 
arch  is  41  in.,  and  its  width  4  ft. 

Considered  as  a  straight  girder  freely  spanning  a  distance  of  GO  ft.,  this  combination  would  be 
stiff  enough  for  railroad  traffic.  But  its  inherent  stiffness  is  not  calculated  to  serve  as  a  supporting 
power,  but  to  resist  lateral  deflection  like  a  column.  A  round  column  is,  of  course,  the  best  geo- 
metrical section  for  gaining  lateral  strength.  But  a  columnar  section  in  wrought  iron  for  the 
purposes  of  an  arch,  presents  many  difficulties  and  objections.  What  would  be  gained  in  section 
would  be  more  than  lost  in  reduced  strength  of  framing. 

The  great  facilities  of  construction  which  the  plan  before  us  offers,  must  not  be  underrated. 
And  when  we  consider  the  small  section  of  wrought  iron  that  is  needed  to  make  the  arches 
effective,  this  plan  will  compare  favourably  with  other  plans  heretofore  attempted.     The  arches 
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of  the  Coblenz  Bridge  over  the  Rhine  are  308  ft.  wide  in  the  clear.  Each  rib  is  10  ft  6  in  deep 
with  upper  and  lower  flanges.  The  flanges  of  the  centre  rib  are  3  ft.  2  in.,  and  those  of  the'  outer 
ribs  2  ft.  2  in.  wide.  These  arched  ribs  have  been  treated  as  flexible  trusses,  consequently  the 
upper  and  lower  flanges  have  been  graduated  like  chords,  with  the  greatest  section  in  the  centre 
The  upper  and  lower  chords  are  connected  by  posts  and  diagonal  braces.  This  work  is  considered 
a  model  work  ;  it  is  well  proportioned  and  possesses  ample  strength.  The  stiffness  is  in  the  arches 
alone,  and  no  attempt  has  been  made  to  increase  it  by  spandril-bracing.  Its  rigidity  is  owin°-  in 
a  great  measure,  to  the  placing  of  the  floor  below  the  crown  of  the  arch. 

The  question  arises,  whether  flanged  arches  with  greater  inherent  stiffness  would  not  be  better 
adapted  to  the  Parabolic  Truss,  than  the  arches  here  designed  ?  So  far  as  simple  supporting  power 
is  considered,  under  the  action  of  uniformly-distributed  loads  there  would  be  no  différence  between 
the  two  plans.  As  regards  stiffness,  under  the  action  of  variable  loads,  however,  the  plan  here 
proposed,  with  its  great  depth  of  trussing,  will  produce  more  rigidity,  with  the  same  amount  of 
material  expended,  than  would  result  from  flanged  arches.  This  view  will  apply  with  still  greater 
force,  when  the  arch  descends  below  the  lower  chords.  The  depth  of  ribs  in  the  Coblenz  Bridge 
is  10  ft.  6  in.,  and  the  clear  span  308  ft.  (Prussian  measure),  a  proportion  of  about  1  in  30.  This 
depth  would  evidently  be  entirely  too  small  for  a  straight  girder  of  308  ft.  span,  but  it  would  be 
enough  for  a  span  of  100  ft. 

In  the  Coblenz  Bridge,  the  floor  intersects  the  girders  or  ribs  at  the  lower  chord,  and  we  may 
therefore  consider  the  whole  arch,  so  far  as  stiffness  is  concerned,  as  divided  into  three  equal  parts. 
The  central  part  is  stiffened  by  the  floor,  and  the  spandrils  are  stiffened  by  the  posts  which  support 
the  floor.  But  no  further  bracing  has  been  attempted  in  the  spandrils,  on  account  of  contraction 
and  expansion  ;  but  this  appears  to  be  a  defect,  because  an  expenditure  of  very  little  additional 
material  would  have  greatly  added  to  the  rigidity  and  strength  of  the  work  without  materially 
interfering  with  contraction  and  expansion.  It  must  be  remarked,  however,  that  the  leading  idea 
in  the  design  of  this  celebrated  viaduct  was  to  interfere  with  the  arches  as  little  as  possible,  and 
to  depend  upon  their  own  inherent  stiffness,  so  that  the  ribs  should  be  at  liberty  to  accommodate 
themselves  freely  to  variations  of  temperature.  This  same  view  led  to  the  planning  of  the  pivot  skew- 
backs  ;  but  this  defect  has  been  corrected  since  by  making  the  bearings  of  the  skewbacks  all  solid. 

When  we  omit  the  arches  in  our  plan,  considering  the  structure  as  a  pure  suspension-bridge 
and  compare  its  stiffness  with  that  of  the  Niagara  Bridge,  we  discover  that  the  truss  here  designed 
possesses  ample  stiffness  for  all  railroad  purposes.  The  Niagara  trusses  are  only  18  ft.  high; 
those  before  us  are  22  ft.,  with  a  span  of  500  ft.  ;  while  the  Niagara  span  is  over  800.  In  Ihe 
Niagara  Bridge  the  truss-posts  are  6  ft.  apart  ;  here  they  are  20  ft.  The  Parabolic  Trusses  being 
double,  there  are  four  diagonal  rods  of  1^  in.  diameter  in  a  panel  of  20  ft.,  while  there  are  two  rods 
of  1J  in.  in  a  panel  of  5  ft.  at  Niagara.  On  the  other  hand  again,  the  Parabolic  Trusses  are  all  of 
iron  and  have  comparatively  very  strong  chords,  while  the  Niagara  framing  is  of  wood,  with  light 
chords,  which  are,  however,  very  materially  assisted  by  the  floors  and  the  central  girders,  which 
latter  distribute  the  weight  of  concentrated  loads. 

Koebling  concludes  that  the  trusses  before  us  (without  including  the  feature  of  the  arch),  will 
be  quite  as  stiff  as  are  the  Niagara  trusses. 

When  compressive  action  takes  place  in  chords  and  arches,  experience  has  demonstrated  that 
4  tons  of  2000  lbs.  each,  or  8000  lbs.  a  sq.  in.  maximum  pressure,  is  as  mucn  as  soft,  puddled  iron 
should  ever  be  taxed.  But  this  resistance  depends  so  much  upon  lateral  conditions  that  the 
above  allowance  of  4  tons  would  scarcely  be  safe  for  single  arches  not  assisted  by  cables.  But  the 
great  feature  of  safety  in  the  Parabolic  Truss  is  the  cable.  The  arch  is  only  an  auxiliary  to  the 
cable.  With  ordinary  loads,  the  cables  and  stays  will  support  the  greatest  part  of  the  strains  ; 
and  the  more  they  are  strained  the  greater  their  tendency  to  maintain  their  vertical  positions,  and 
to  assist  the  arches  in  preserving  their  true  alignment.  Lateral  flexure  is  the  great  danger  to  arches. 
The  more  jointed  and  articulated  the  system  is,  the  greater  this  danger.  Now,  these  considerations 
must  be  taken  into  view  when  deciding  upon  the  choice  of  material  for  the  arches.  The  question 
of  steel  or  iron  is  of  course  a  question  of  comparative  estimate.  But  if,  for  instance,  we  allow 
8000  lbs.  maximum  compression  for  iron,  and  12,000  lbs.  for  a  mild  steel,  and  the  steel  arch  costs 
the  same  as  the  iron  arch,  both  possessing  the  same  supporting  strength,  then  the  iron  arch  should 
be  preferred  to  the  steel  arch,  for  the  following  reasons  : — 

1.  The  greater  section  of  the  iron  arch  will  ensure  greater  lateral  stiffness  than  can  be  obtained 
from  the  diminished  section  of  soft  steel. 

2.  The  greater  weight  of  the  iron  structure  adds  to  its  stability  under  the  action  of  variable 
loads  in  direct  proportion  to  its  superior  weight  when  compared  with  steel.  Vibrations  caused  by 
fast-moving  trains  will  be  felt  more  by  the  lighter  structure  than  by  the  heavier  one. 

One  of  the  best  features  of  the  Parabolic  Truss,  as  here  designed,  is,  that  the  principal 
members  of  this  system  are  nearly  uniform  in  their  sections,  and  that  they  arc  not  alternat.  I  v 
exposed  to  such  opposite  strains  as  compression  and  tension  in  succession. 

The  cables  and  stays  experience  tensile  strains  only,  while  the  arches  are  exposed  to  compressi  ve 
action  alone.     This  feature  will  add  much  to  the  lifetime  of  the  structure. 

An  objection  may  be  raised  to  the  parabolic  form  of  the  arches,  because  of  the  variation  of 
bevels  at  the  joints.  The  difference,  however,  between  the  segment  of  a  circle  and  the  parabolic 
curve,  with  the  proportions  here  observed,  is  so  small,  that  the  substitution  of  the  our  for  the 
other  will  not  have  the  slightest  practical  influence.  It  will  therefore  facilitate  the  work,  to  cut 
all  the  joints  to  the  same  bevel  for  a  circular  arch.  Ttespecting  the  cables,  however,  the  suspenders 
should  be  calculated  for  a  parabolic  curve. 

Floor-beams. — The  beams  supporting  the  railroad  track  are  5  ft.  apart  and  12  in.  deep,  and 
weigh  40  lbs.  a  lineal  foot.  If  manufactured  of  good  iron,  a  load  of  2::  tons,  equally  distributed, 
wili  not  produce  a  sensible  deflection,  and  a  load  of  15  tons  on  the  two  rails  will  be  within  its 
elastic  limit.   The  lower  flange  of  each  beam  is  riveted  to  the  upper  flanges  of  the  channel-bars  com- 
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posing  the  chords,  sixteen  rivets  of  f  in.  diameter  for  each  beam.  This  forms  a  very  stiff  horizontal 
connection  of  the  opposite  chords,  and  renders  all  further  diagonal  bracing  unnecessary.  This  stiff- 
ness is  further  increased  by  the  9-in.  girders,  running  lengthways  underneath,  riveted  to  the  beams, 
and  connected  with  the  timber  stringers,  the  rails,  and  the  breachings  by  stirrups  2  ft.  6  in.  apart. 
The  upper  joints,  connecting  the  arches  and  upper  chords,  are  channels  7  in.  depth,  of  a  light 
section,  one  on  each  side  of  a  post  bolted  to  it  and  riveted  to  the  flanges  of  the  arches  and  chords. 
Fig.  1453,  which  is  a  section  on  the  abutment,  fully  explains  the  details.  So  far  as  the  upper 
chords  in  the  side  spans  are  plated,  the  joints  are  of  7-in.  beam  section  in  place  of  channels,  their 
lower  flanges  riveted  to  the  plates,  Figs  1454,  1455. 


Diagonals  in  Panels. — The  object  of  the  panel-rods  is  to  impart  stiffness,  and  to  spread  any 
concentrated  pressure  over  a  large  extent  of  truss.  In  the  centre  of  the  main  span,  the  pressure 
upon  any  point  is  spread  by  these  rods  over  4  panels,  or  80  ft.  of  length  of  truss.  For  every  row 
of  posts  there  is  a  plane  of  diagonals  ;  consequently  there  are  4  lines,  each  rod  1|  in.  diameter,  with 
screw-ends  proportionally  enlarged. 

Fig.  1454  explains  how  two  diagonals  are  joined  in  one,  and  how  they  are  bolted  to  the  stem 
of  the  post,  between  the  upper  chords. 

It  will  be  noticed  that  these  rods  all  radiate  toward  central  screw-rings,  for  the  purpose  of 
screwing  them  up  to  a  proper  tension,  and  thus  to  impart  stiffness  to  the  framing. 

Any  load  upon  any  one  point  will  make  an  impression  upon  2  to  3  floor-beams,  and  16  rods,  of 
1|  in.  diameter  each,  will  be  brought  into  service,  and  distribute  the  weight  over  a  large  extent  of  truss. 

Storm- cables. — The  arrangement  of  the  storm-cables  is  fully  explained  by  an  inspection  of  Figs. 
1428,  1429.  Two  wire-ropes  of  an  ultimate  strength  of  100  tons  each  are  suspende*!  below  the 
floor  in  such  a  manner  as  to  form  parabolic  curves.  By  this  plan  no  longitudinal  strains  are 
thrown  upon  the  superstructure.  All  the  strains  are  directed  upon  the  floor-beams,  and  are 
regulated  by  screw-bolts  to  give  the  cables  a  proper  tension.  The  horizontal  deflection  of  these 
cables  in  the  centre  span  is  41  ft.,  or  about  T\  of  the  span,  and  therefore  the  coefficient  of  tension 
is  1*70.  If  we  assume  now  that  the  force  of  a  high  wind  should  be  so  great  as  to  produce  a 
uniform  horizontal  pressure  against  the  structure  equol  to  20  tons,  then  the  strain  on  the  cable 
would  be  1*70   x   20  =  34  tons,  or  about  \  of  its  breaking  strength.      This  tension  might  be 
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increased  even  to  50  tons  without  at  all  endangering  the  safety  of  the  cables.     But  little  surface 
is  exposed  to  the  wind  vertically  as  well  as  horizontally. 

It  is  well  known  that  on  a  structure  suspended  at  a  high  elevation,  the  wind  exerts  more  of  an 
uplifting  power  than  of  a  horizontal  action.  The  uplifting  force  is  amply  met  by  the  weight  of 
the  structure  itself.  Estimating  the  vertical  area  exposed  to  horizontal  action  at  3000  sq.  ft.  and 
a  pressure  of  30  lbs.  a  sq.  ft.  applied  all  over,  the  aggregate  pressure  would  be  90,000  lbs.,  and 
would  be  met  by  the  strengh  of  the  cables.  In  this  calculation  no  allowance  is  made  for  the 
inherent  stiffness  of  the  horizontal  framing  at  the  upper  and  lower  chords  and  the  top  of  the  arches. 
As  has  been  remarked  before,  an  objectionable  feature  in  the  plan  before  us  is  the  great 
height  of  the  arches  in  the  centre  of  the  main  span,  and  its  tendency  to  lateral  oscillations  under 
the  action  of  fast-moving  trains  or  from  the  effects  of  heavy  gusts  of  wind.  Where,  therefore,  a 
necessity  exists  to  preserve  the  whole  space  below  the  lower  chords  clear  of  all  obstruction,  either 
a  double  bridge  must  be  erected  at  once,  the  two  connected  together,  or  a  more  effective  horizontal 
bracing  must  be  put  up  in  localities  which  are  exposed  to  very  high  winds  or  hurricanes.  This 
horizontal  security  can  be  increased  by  heavier  diagonal  ties  between  the  upper  chords  and  arches, 
by  doubling  the  storm-cables  and  by  adding  diagonal  bracing.  Any  amount  of  security  may  thus 
be  obtained.  It  will  be  noticed  that  the  contractions  and  expansions  of  the  storm-cables  from 
changes  of  temperature  are  not  at  variance  with  those  of  the  trusses,  because  they  form  one  con- 
nected whole,  and  will  always  move  together. 

Method  of  Raising  the  Superstructure. — A  most  important  question  is  the  practicability,  safety, 
and  cost  of  erecting  the  superstructure  of  such  large  spans  as  here  proposed.  Short  spans  may  be 
raised  on  temporary  scaffolding,  one  span  at  a  time,  with  facility  and  little  risk.  But  the  task  of 
putting  in  place  spans  of  great  dimensions  in  a  river  which  is  subject  to  sudden  rises,  full  of  float- 
ing débris,  and  with  an  unstable  bed,  is  formidable,  and  may  in  certain  stages  and  at  certain 
seasons  become  impracticable. 

The  history  of  the  erection  of  the  500  ft.  span  of  the  Kuilenburg  Bridge  in  Holland  has  fur- 
nished a  practical  demonstration  of  the  difficulties  involved  in  such  an  enterprise.  Before  the 
entire  completion  of  the  large  span  of  that  work,  a  heavy  gale  sprung  up  and  demolished  all  the 
scaffolding,  but  left  the  trusses  unaffected,  their  bearing  parts  having  been  previously  all  safely 
connected.  Had  this  high  wind  occurred  a  few  days  sooner,  the  whole  superstructure  would  have 
been  thrown  down  a  total  wreck. 

It  may  be  of  interest  to  notice  here  the  method  pursued  by  the  contractor  of  the  Coblenz  Bridge 
(the  same  who  put  up  the  Kuilenburg  Bridge)  in  raising  the  three  arches  of  that  work.  The  two 
halves  of  the  arched  ribs  were  completed  on  shore,  then  launched  and  floated  on  boats  to  their 
destination,  whence  they  were  raised  to  their  permanent  position  and  connected.  The  raising 
was  done  by  a  hydraulic  press  supported  on  a  temporary  scaffolding  put  up  in  the  centre  of  the 
span.  Arches  of  a  little  over  300  ft.  may  be  managed  in  that  way  quite  successfully  and  econo- 
mically. But  when  the  span  is  doubled,  the  drawbacks  attending  this  process  are  also  doubled, 
and  it  will  be  wise  to  consider  other  methods. 

In  comparing  different  plans  of  raising,  the  questions  of  relative  economy  and  of  speed  of 
execution  are  of  much  less  importance  than  is  the  question  of  safety.  That  method  should  be 
adopted  which  ensures  absolute  safety  under  all  circumstances.  Fortunately,  the  plans  of  super- 
structure here  proposed,  while  exhibiting  economy  and  strength,  also  admit  of  the  safest  mode  of 
erection.  The  Parabolic  Truss,  as  here  devised  and  modified,  is  a  combination  of  the  suspension - 
cable  and  of  the  arch.  If,  therefore,  we  suspend  the  cable  first,  we  may  afterward  suspend  the 
arch  to  it,  independent  of  scaffolding,  flood,  or  ice.  The  whole  work  may  be  put  up  in  this  man- 
ner, without  the  use  of  any  scaffolding  whatever.  Should  the  season  and  stage  of  water,  however, 
be  favourable  to  scaffolding,  then  a  few  light  bends  should  be  used,  supported  on  piles  and 
connected  with  the  suspended  platform  by  hemp-rope  lashings,  in  such  a  manner  that  in  the 
emergency  of  a  sudden  rise,  the  lashings  may  be  cut  in  a  few  minutes,  and  the  bends  allowed  to 
float  off  without  doing  any  further  harm.  A  few  such  light  scaffold-frames  put  up,  say  every  50 
or  100  ft.,  will  much  assist  in  preserving  the  proper  level  of  the  suspended  platform,  and  therefore 
facilitate  the  joining  of  the  various  members  of  the  structure.  Those,  particularly,  who  are  with- 
out experience  in  suspended  structures  will  find  the  assistance  of  bends  very  useful.  But  they 
are  not  a  necessity,  only  a  convenient  auxiliary. 

After  the  masonry  of  the  first  central  pier  has  been  completed,  the  erection  of  the  wrought- 
iron  shafts  composing  the  tower  will  be  commenced,  and  the  saddles  placed  on  top  and  secured. 
On  the  second  centre  pier  where  the  superstructure  is  not  to  be  fixed  permanently,  but  allowed  to 
contract  and  expand  freely,  the  roller-plates  and  rollers  have  to  be  laid  down  first,  before  the 
erection  of  the  towers  can  be  proceeded  with.  The  same  must  be  done  on  the  abutments.  First 
lay  down  the  roller-plates,  then  put  up  the  posts,  chords,  and  transverse  beams,  so  far  aa  the 
masonry  furnishes  support.  Also  put  up  the  anchor-plates,  and  secure  these  to  the  posts.  Lt  is 
also  necessary  to  secure  the  stability  of  the  ends  of  the  trusses  on  the  abutment  .still  further  by 
temporary  wooden  and  iron  braces.  Great  security  will  be  obtained  from  the  lateral  wire-rope 
braces,  when  put  up  and  screwed  tight. 

A  temporary  anchorage  will  now  have  to  be  prepared  for  the  purpose  of  meeting  tue  strains 

caused  by  the  cables.   The  wire-ropes  provided  for  the  storm-cables  may  be  used  for  this  purpose. 

By  making  an  excavation  about  10  ft.  deep  and  25  ft.  long  by  25  ft.  wide,  and  driving  a  few 

piles  in  front,  using  some  of  the  12-in.  iron  beams,  railroad  bars,  timber,  and  stone,  a  temporary 

anchorage  may  be  made,  which  will  safely  resist  a  strain  of  500  tons. 

In  order  to  have  the  means  of  regulating  the  tension  of  the  temporary  anchor-cables,  and  to 
provide,  to  a  certain  extent,  for  contraction  and  expansion  while  engaged  m  raisin-  it  will  be 
advisable  to  deflect  the  anchor-cables  a  few  feet,  and  anchor  them  in  the  centre  between  the 
anchorage  and  abutment  to  another  temporary  anchorage,  or  mean«  of  long  screw-bolts  and 
stirrups,  or  by  block  and  tackle.     This  will  afford  the  means  of  allowing  the  anchor-plates  to 
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move  forward  towards  the  river  just  enough  to  close  the  arches  and  chords.    Allowance  must 
also  be  made  for  stretching  the  cables. 

We  have  now  proceeded  far  enough  to  take  across  the  river  two  of  the  smaller  cables  or  ropes 
which  are  to  form  parts  of  the  large  cables.  An  easy  mode  of  accomplishing  this  will  be  -to  remove 
the  reel  which  contains  one  coil  of  wire-rope  upon  the  deck  of  a  flat  boat  or  barge,  and  to  mount  it 
upon  a  strong,  well- secured  frame,  on  a  spindle  which  rests  on  bearings,  and  is  allowed  to  revolve 
Now  provide  one  or  two  brakes  to  check  and  regulate  the  speed  of  the  revolving  reel,  and  employ 
a  tug  to  tow  the  barge  across  the  river,  either  above  or  below  the  line  of  piers. 

The  end  of  the  rope  should  of  course  be  first  secured  to  one  of  the  anchor-plates  before  starting. 
On  crossing  the  river,  the  rope  is  simply  dropped  upon  its  bed.  The  other  end  being  landed,  is 
now  temporarily  secured  to  its  anchor-plate,  and  preparations  are  made  to  hook  up  the  rope  at  the 
centre  piers,  and  to  raise  it  to  the  top  of  the  towers.  Here  it  is  rested  on  temporary  timber-blocks, 
which  serve  as  saddles,  and  are  secured  alongside  of  the  cast-iron  saddles. 

After  two  wire-ropes  have  been  taken  across  and  suspended,  their  deflection  must  be  adjusted, 
and  they  are  then  further  secured  to  the  middle  towers  by  screw-clamps  and  bolts,  to  prevent  their 
slipping.  The  object  of  these  temporary  suspension-cables  being  to  facilitate  the  construction  of 
the  main  cables,  it  is  advisable  to  deflect  them  about  2  to  3  ft.  below  the  main  cables,  so  that  they 
will  run  nearly  parallel  to  them.  This  being  done,  light  timber-beams  or  scantling,  say  24  ft. 
long,  may  be  thrown  across  the  two  opposite  ropes,  and  lashed  to  them  from  below  by  hemp  lines 
at  distances  of  about  4  to  5  ft.  apart.  This  process  should  commence  at  the  two  middle  towers, 
and  should  be  carried  on  both  ways,  so  that  the  spans  will  be  equally  weighted,  and  their  equili- 
brium maintained.  Planks  are  pushed  forward  over  the  beams  and  secured  by  lashings,  so  that 
two  foot-walks  are  formed,  each  about  4  ft.  wide,  in  line  of  the  main  cables  and  underneath. 
Where  these  walks  are  very  steep,  the  planks  may  be  cleated,  to  secure  a  better  foothold. 

Two  footways  have  now  been  put  up,  extending  across  the  river  from  one  abutment  to  the 
other.  To  facilitate  the  crossing  of  men  not  used  to  high  elevations,  two  small  wire-ropes  è  to  £  in. 
diameter  may  be  suspended  just  above  the  position  of  the  main  cables,  and  connected  laterally 
every  50  ft.  by  smaller  cords.  The  men  will  take  hold  of  these  ropes  while  crossing,  and  use 
them  as  hand-rails. 

This  being  accomplished,  we  are  now  enabled  to  go  from  pier  to  pier  and  to  perform  work 
independent  of  the  river.  As  the  stays  are  placed  in  the  bottom  of  the  saddle,  they  must  be  raised 
first  and  put  in  place,  allowing  their  ends  to  hang  down  the  piers.  This  being  done,  the  first 
permanent  cable-rope  may  now  be  fastened  to  its  anchor-plate  at  one  end,  then  taken  across  the 
river  and  run  off  the  reel  in  the  same  manner  as  before.  These  ropes  are  to  be  dropped  upon  the 
bed  of  the  river,  either  above  or  below  the  piers,  always  on  the  side  of  their  respective  towers. 
Whenever  a  rope  has  thus  been  run  off;  it  must  be  raised  and  placed  upon  the  saddles  before 
another  one  is  launched  on  the  bed  of  the  river.  It  is  also  necessary  that  each  rope  should  be 
properly  placed  and  its  deflection  adjusted  correctly  before  the  next  one  is  taken  up. 

The  section  of  a  saddle  on  Fig.  1437  exhibits  plainly  the  different  layers  of  rope.  First,  there 
are  four  laid  down  in  the  bottom,  forming  the  first  row  ;  then  one  is  added  at  each  end  in  the 
second  row.  These  six  ropes  are  the  stays.  Next  come  the  three  ropes  which  compose  the  first 
or  lowest  layer  in  the  cable  ;  this  is  followed  by  a  second  row  of  four  ropes  ;  next  comes  the  centre 
layer  of  five  ropes  ;  next,  a  layer  of  four  ropes,  and  then  the  top  layer  of  three  ropes  ;  the  whole 
number  of  19,  which  are  in  a  cable,  forming  the  section  of  a  regular  hexagon. 

It  is  all-important  that  the  five  different  layers  should  preserve  their  stratification  and  their 
proper  level  throughout  the  whole  length  of  cable.  To  facilitate  this  operation,  strips  of  canvas 
or  strong  cotton  sheeting,  say  3  in.  wide,  may  be  wrapped  around  each  layer, 
and  afterward  again  removed.  Whenever  a  rope  is  added,  it  should  be  secured 
at  various  points  by  ties  of  fine  annealed  wire.  The  best  plan,  however,  is  to 
introduce  short  strips  of  tin,  Fig.  1456,  which  cross  each  other  diagonally,  the 
whole  being  kept  together  by  temporary  wire  or  hemp  strings.  After  all  the  19 
ropes  have  thus  been  suspended,  adjusted,  and  collected  into  one  cable,  strong 
temporary  wire- bands,  made  of  No.  Ì0  annealed  wire,  must  be  put  around  every 
10  or  15  ft.  ;  which  operation  will  be  greatly  facilitated  by  using  iron  screw- 
clamps  made  in  two  halves,  and  fitting  the  section  of  the  cable. 

Eeferring  to  Figs.  1436, 1437,  we  notice  that  the  lattice-beams  which  connect 
the  opposite  saddles  of  each  tower  may  be  omitted  for  the  present,  and  that  the 
two  ropes  for  the  footwalks  may  be  supported  on  the  cross-beams  next  below  the 
lattice,  which  will  be  about  the  right  elevation  for  cable-making. 

It  was  remarked  that  the  two  ropes  suspended  temporarily  for  foot-walks  are  to 
be  laid  into  the  main  cables  eventually.  This  method  is  recommended  for  the  sake  of  economy.  But 
if  some  more  wire-rope  is  on  hand,  strong  enough  for  that  purpose,  then  it  will  be  better  not  to  make 
temporary  use  of  the  permanent  cable-ropes.  It  is  supposed,  however,  that  there  is  no  spare  rope 
on  hand,  and  in  that  case  two  of  the  cable-ropes  are  to  be  suspended  for  foot-walks,  one  on  each 
side.  Now,  after  the  other  18  ropes  have  been  raised  and  adjusted  in  each  main  cable,  the  cross- 
beams which  support  the  foot-plank  may  be  suspended  to  the  main  cables  by  simply  throwing 
small  manilla  ropes  over  in  such  a  manner  that  they  can  be  easily  removed.  This  being  done 
with  all  the  beams,  the  two  wire-ropes  which  supported  the  foot-planks  are  now  free  and  may  be 
raised  into  the  saddles,  adjusted  to  their  proper  levels  in  the  various  spans,  and  both  ends  secured. 
After  this  is  done,  the  manilla  suspenders  over  the  main  cables  are  now  lifted,  one  after  another, 
and  thrown  over  the  last  wire-rope,  and  again  fastened  to  their  respective  beams.  The  cables  are 
now  ready  for  the  permanent  suspenders  and  straps.  The  latter  are  heated  at  one  cornei',  so  that 
they  may  be  readily  closed  and  screwed  up  tight.  To  prevent  injury  to  the  cable,  a  piece  of  sheet 
iron  is  laid  around  it  :  the  strap  is  then  closed  and  cooled  off  with  water.  A  small  hand-forge 
may  be  moved  along  on  the  suspended  scaffolding  for  that  purpose. 
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It  will  be  a  somewhat  difficult  task  for  those  not  experienced  in  the  construction  of  wire-cable 
bridges,  to  get  the<  cable  straps  and  suspenders  properly  spaced. 

Measurements  from  the  towers  being  uncertain  and  the  cables  movable,  no  satisfactory  adjust- 
ment can  be  effected  in  this  way.  But,  either  by  calculation  or  actual  suspension,  or  both 
measure  off  the  actual  distances  upon  a  small  wire-cord,  or  upon  a  single  wire.  These  distances 
in  the  suspended  cable  form  the  hypothenuses  of  right-angled  triangles,  the  horizontal  base  of 
Which  is  a  constant,  equal  to  the  horizontal  distance  of  the  suspenders.  The  vertical  is  variable,  and 
is  equal  to  the  difference  of  the  lengths  of  the  two  adjoining  suspenders.  These  triangles  may 
all  be  laid  off  on  one  board,  and  the  length  of  the  hypothenuses  transferred  upon  the  wire-cord  and 
marked  by  small  wrappings  made  of  fine  wire,  so  that  they  cannot  be  shifted.  This  wire  line  ia 
then  suspended  alongside  of  the  centre  of  the  cable,  and  whitelead  marks  are  put  upon  the  latter, 
which  will  correspond  to  the  centre  of  the  suspended  ropes. 

These  measurements  and  marks  being  correctly  made,  there  will  be  no  further  difficulty  in 
spacing  the  suspenders  correctly  ;  their  length  will  come  out  nearly  correct,  and  the  beams  sus- 
pended to  them  will  be  found  equally  spaced. 

The  main  cables  being  completed,  they  should  be  further  secured  in  their  saddles  by  bolting 
down  those  cushions  which  are  to  prevent  their  slipping.  A  temporary  platform  must  next  be 
suspended  below  the  level  of  the  lower  chords,  strong  enough  to  support  1  ton  a  foot  lineal.  The 
suspenders  being  10  ft.  apart,  timber-beams  2i  ft.  long,  about  8  x  14,  may  be  suspended  to  them 
by  means  of  temporary  stirrups,  so  made  that  the  level  may  bo  adjusted.  A  plank-walk  about 
5  ft.  wide  should  then  be  laid  down  under  each  cable.  The  next  step  is  to  lay  down  upon  these 
plank-walks  the  channel-bars  which  are  to  form  the  lower  chords.  Care  must  be  had  to  distribute 
those  bars  evenly  and  uniformly  on  each  side  of  a  pier,  and  in  all  the  spans  at  the  same  time,  so 
that  the  equilibrium  of  the  cables  is  not  much  disturbed.  This  distribution  being  properly  made, 
the  bars  may  be  connected  by  bolts  temporarily,  and  partly  spliced,  but  so  that  the  posts  can 
afterward  be  set  up  between. 

In  order  to  add  to  the  weight  of  the  platform,  and  increase  its  stability,  the  truss-posts  should 
now  be  distributed  uniformly,  and  laid  down  alongside  of  the  chords,  all  over  the  work.  It  may 
also  be  the  proper  time  to  make  use  of  the  main-stays,  and  to  attach  their  ends  temporarily  to  tho 
lower  chords,  and  to  the  platform.  When  up,  they  will  not  only  add  to  the  supporting  power,  but 
also  to  the  steadiness  of  the  platform.  The  whole  process  of  erection  will  be  much  facilitated  by  a 
narrow  track,  laid  down  in  the  centre  of  the  platform  between  the  two  walks,  for  the  support  of 
a  few  small  trucks,  on  which  the  bars  may  be  transported  from  both  abutments.  With  a  favourable 
stage  of  water  in  the  river,  the  delivery  of  materials  may  also  be  forwarded  by  boats  moored  at  the 
piers  and  hoisting  the  bars  up,  then  distributing  on  trucks. 

The  work  has  now  so  far  progressed  that  we  may  proceed  to  put  up  the  posts.  There  are 
several  methods  by  which  this  may  be  accomplished!'  One  plan  is  to  proceed  from  the  centro 
piers  each  way  toward  the  main  span  and  the  side  spans  uniformly  at  the  same  time.  As  soon  as 
one  or  two  sets  of  posts  are  up,  connect  them  by  the  upper  chords,  and  also  secure  the  latter  by 
transverse  beams  and  temporary  wooden  braces  Next  put  in  place  the  panel-rods,  which  will 
increase  the  stiffness  of  the  framing  considerably. 

While  this  process  of  building  out  from  the  piers  is  going  on,  the  level  of  the  platform  must  bo 
maintained  at  the  same  time,  by  distributing  the  bars  for  the  posts  and  chords  all  along.  Tho 
weights  being  uniformly  distributed,  the  level  will  be  preserved,  and  the  steadiness  of  the  platform 
will  also  be  increased.  A  few  small  wire-ropes  may  likewise  be  applied  below  the  platform, 
fastened  to  the  masonry  of  the  pier3,  to  serve  as  storm-cables,  in  case  of  a  heavy  blow.  Before 
commencing  with  the  arches,  the  posts  and  upper  chords  may  be  put  up  through  the  balance  of 
the  spans,  the  panel-rods  pur.  in,  the  cross-connections  made,  and  the  trusses  nearly  completed.  _ 

Changes  of  temperature,  causing  expansion  and  contraction,  may  be  accommodated  by  placing 
the  lower  chords  on  wooden  rollers  about  G  in.  diameter. 

Slight  changes  will  not  be  noticed  ;  but  should  great  changes  take  place,  and  produce  con- 
siderable contractions  and  expansions,  it  will  be  good  policy  to  provide  slip-joints  in  the  chords  as 
well  as  the  arches  at  various  points,  and  use  a  few  temporary  splicing-plates  to  that  effect,  or 
timbers  bolted  on  sideways.  No  rigid  connection  should  be  made  at  any  placo:  no  riveting 
before  the  whole  structure  is  up. 

It  was  remarked  that  the  whole  superstructure  may  be  put  up  and  completed  without  tuo 
assistance  of  scaffolding.  This  can  be  done,  if  absolutely  necessary.  We  therefore  W°V0iiG. to 
scaffold  one  of  the  side  spans  or  both,  leaving  the  central  span  open  for  navigation,  Uns  being 
done,  we  may  put  up  the  arches  in  the  two  side  spans,  and  also  put  up  one  transverse  iron  beam  every 
20  ft.,  to  give  a  good,  permanent  lateral  connection  to  the  lower  floor.  By  the  completion  ot  tho 
arches  of  the  side  spans,  the  resistance  of  the  anchor-plates  will  have  been  much  increased. 

One  half  of  the  bents  under  the  side  spans  may  now  be  removed  with  safety,  and .put  under 
the  spring  of  the  arches  in  the  central  opening:  and  as  much  material  may  also  be  distributed 
over  the  platform  of  the  central  span  as  will  be  necessary  to  balance  the  side  roans.  i.\  tnia 
distribution  we  shall  maintain  the  equilibrium  of  the  cables.  The  thrust  ot  the  arches  m  the  Bide 
spans  will  be  fully  met  by  the  lower  chords,  which  should  be  completed  ;  so  that  it  may  ne  sate 
to  remove  all  the  bents  from  under  the  side  spans  and  put  them  up  in  the  centre  opening,  i  ma 
being  done,  the  closing  of  the  arches  in  the  centre  is  now  to  bo  accomplished,  and  the  trusses  may 
be  sufficiently  completed  to  render  a  further  support  by  scaffolding  unnecessary.  , 

If,  during  the  process  of  erection,  a  sudden  flood  should  occur,  or  floating  masses  ot   .co 

endanger  the  safety  of  the  scaffoldings,  the  latter  should  be  watched  day  and  night,  and  cut  loose 

if  necessary.    This  may  cause  some  delay,  but  no  further  damage.         mm  „«*„„,♦,„.„ 

If  the  spring  of  the  arches  descends  below  the  lower  chords,  the  raising  of  the  supei structure 

will  be  easier:  and  this  plan  should  always  be  adopted  if  possible. 

Statement  of  the  Strains  in  the  different  members  of  a  Tntssed  Girder  Bridge  of  300  ft.  span  m  the 
cfear.-This  iron  truss  alono  weighs  0'85  ton  a  ft.,  and  is  proportioned  to  sustain  its  own  weight 
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and  a  moving  load  of  1100  lbs.  _  The  wire  cables  support  a  moving  load  of  only  1900  lbs   a  ft 
fqlgin     knJltT^.  m  ir0n  ÌS  5  t0nS  the  *' ln-     The  comP^io»  allowed Ts  4  tons  the 


1457. 
306  ft.  span. 
3  I       4 


IZ'6  IZ-6  'Z-6  '^  11.6  IZ.6  /2.6  ¡2.6  12.6 

In  the  foregoing  estimate,  we  have  taken  the  weight  on  the  bridge  at  1-4  ton  a  ft.  run     The 
260  '1 
weight  of  the  structure  itself  is  -^-  =  0-85  ton  a  ft.  run.    The  bridge  will  therefore  support,  in 

addition,  a  moving  load  of  1-4  —  0*85  =  0*55  ton,  or  1100  lbs.  a  ft.  run. 

1458. 
lbs.  a  ft.  Steel  Cables. 

Moving  load 1900 

Top  plate       490 

Cable      123 

Suspender      28 

Total  weight  supported  by  cables     . .   2541 

Tons. 

Total  weight  for  whole  bridge  =  2541  lbs.  x  306'  =  777,546  lbs.  =     388-77 

Tension  in  cable,  1  •  58  x  388  •  77  tons  = 614 '25 

Compression,  Fig.  1458,  in  upper  chord  due  to  the  cable  =  1*5  x  388*77  tons  =     583*16 
The  cable  being  much  smaller  in  this  example  than  in  the  previous  one,  each  will  consist  of 
only  seven  ropes  :  and  taking  the  maximum  tension  allowed  as  before,  at  5  tons  a  pound  a  ft.,  we 

have  the  strength  of  one  rope  ==  — — —  =  43  ■  88  tons  ;   and  the  weight  a  ft.  of  such  a  rope  is 

43*88 

— - —  =  8  *  78  lbs.    The  diameter  of  this  rope  is  2^-  in.,  and  the  diameter  of  one  cable  7  in. 


153' 

153  ? 

*> 

comp»,  rs                   >^ 

145*79  sq.  in.     Weight 


583* 16 
Compression. — The  section  required   in  the   top  plate  is  — - — 

a  ft.  =  145*79  x  3*36  =  490  lbs.  4 

Some  of  this  weight  will  be  thrown  upon  the  channel-bar3,  as  in  the  previous  case. 
The  heaviest  section  of  channel-bar  is  56  sq.  in.,  equal  to  142  lbs.  a  yard. 

The  section  required  for  one  top  plate  is  — - —  =  72  *  895.  Hence  we  have  left  for  the  top 
plate  72  *  895  —  56  =  16 * 895  sq.  in. 

In  order  to  keep  the  channel-bars  of  a  uniform  section  throughout,  we  will  add  to  this  top 
plate  the  varying  sections  of  upper  chord,  required  by  the  structure  alone,  in  the  calculation 
above.  The  following  Table  shows  how  this  is  done  ;  the  sixth  line  gives  the  number  of  sq.  in. 
of  section  required  in  the  top  plate  in  each  panel. 


Table  op  Sectional  Area 

of  Top  Plate  in 

each  Panel. 

Number  of  Panels. 

0                12 

3 

4               5                6               7                8 

Total  section  of  one"! 
top  plate       . .      . .  / 

72*895  j  72*895 

72*895 

72*895 

72*895 

72*895  ¡  72*895 

72-895  j  72*895 

Section  required    fori 

| 

upper      chord      ofl 

68*040     68*040     66*150 

62*370 

56*700 

49*140     39*690 

28*350     15*120 

structure       . .      . .  j 

1          ! 

1 

Aggregate  section    . . 

140*935    140*935    139*045 

135*265 

129*595 

122  035    112*585    101*245 

88-015 

Deduct  assumed  sec-i 
tion  of  channels   . .  / 

Leaves  for  section  ofi 
top  plate       . .      . .  J 

56*000 

56*000     56*000 

56*000 

56*000 

56-000     56-000 

56-000 

56-000 

84*935 

84*935     83*045 

79*265 

73*595 

66-035  '  56-585 

55-245 

32015 

lin.        in. 

in.        in.    !  in.        in. 

in.        in. 

in.        in. 

in.        in.      in.        in.    !  In.        in.    | in.        in. 

Dimensions  of  top  plate  42  x  2  *  02  42  x  2  *  02  42  x  1  *  98 

42x1  *88  42x1  *75  42x1  *57  42x1  *34  42x1  08,42x0*70 

1                1                                 1                1 

3  a  2 
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Recapitulation  of  whole  Weight. 

lbs. 
Tie-rods,  counter-rods,  posts,  upper  and  lower  chords  on  one  side       . .    ...     144,927 

Additional  weight  on  one  side 93,836 

Extra  items  -. 21,337 

Weight  of  top  plate  on  one  side,  72-895  sq.  in.  x  3  "36  lbs.  =  245  lbs.,\    74  q70 

and245x306=  /        ' 

Cable  =  8-78  lbs.  x  7  =  61-5  x  312ft.  =      19,188 

Suspenders  =  14  x  306  = 4,284 

One-half  weight  of  whole  structure 358,542  lbs. 

Total  weight  of  the  entire  structure 358542  tons. 

Weight  a  foot  =  85f¿42  =  1-171  ton. 


Statement  of  the  Strains  in  the  different  members  of  a  Trussed  Girder  Bridge  of  300  ft.  span  in  the 
dear. — The  iron  truss  alone  weighs  0  •  62  ton  a  foot,  and  is  proportioned  to  sustain  only  its  own 
weight,  while  the  moving  load  of  3000  lbs.  a  foot  is  supported  by  wire  cables,  Fig.  1459. 

The  tension  allowed  in  iron  is  5  tons  to  a  sq.  in.  The  compression  allowed  is  4  tons  to  the  sq.  in. 
Length  of  one  panel  =  18  in. 

1459. 


In  the  foregoing  estimate  we  took  the  weight  of  the  bridge  at  0'62  ton  a  foot  run.  This 
agrees  with  the  result  here  obtained,  since  0-62  x  306  =  189*72  tons. 

Let  us  now  put  in  a  pair  of  steel  cables  to  support,  1st,  the  moving  load  ;  2nd,  the  weight  of  the 
top  plate  required  to  resist  the  compression  due  to  the  cable  ;  and,  3rd,  the  weight  of  the  cables 
and  of  the  suspenders. 

lbs. 

Moving  load 3000 

Top  plate        771 

Cable 193 

Suspenders 36 


Total  weight  on  cables  a  foot  run 

Total  weight  for  whole  bridge,  4000  x  306  =      . . 

Tension  in  cable  =  1-58  x  612  tons  = 

Compression  in  upper  chord  due  to  cable  =  1  '  5  x 


4000  Tons. 

612 

967 

612  tons  = 918 


The  ultimate  strength  of  good  steel  cables  is  25  tons  a  lb.  the  foot,  which  is  equivalent  to 
176,000  lbs.  a  sq.  in.  solid  wire-section  ;  the  maximum  tension  allowed  is  5  tons  a  lb.  to  the  foot. 
We  have  two  cables,  one  on  each  side,  each  containing  nineteen  wire-ropes.     Hence  the  strength 

967  25*45 

of  one  rope  is-^—  =  25*45  tons  ;  and  the  weight  a  foot  of  such  a  rope  is  — - —  =  5*09  lbs.  a  foot. 

38  5 

The  diameter  of  this  rope  is  1  *  7  in.,  and  the  diameter  of  one  cable  of  nineteen  ropes  is  Sh  in. 

918 
Compression. — The  section  required  in  the  top  plate  is  -—  =  229  *  5.    Weight  a  foot  =  229  *  5 

X  3-36  =  771*0  lbs. 

In  place  of  putting  all  this  section  into  a  plate,  it  is  better  to  divide  it  by  increasing  the  section 
of  the  channel-bars  in  the  upper  chord  somewhat  ;  especially  since  the  sections  of  channel-bars 
obtained  in  the  calculation  above  were  so  small  that  they  could  not  be  executed  in  practice.  Let 
us  increase  the  sections  of  the  four  channels  in  one  upper  chord  to  56  sq.  in.,  which  is  equal  to 
142  lbs.  a  yard  for  each  channel-bar,  the  heaviest  section  rolled.     The  section  required  for  one  top 

229*5 
plate  is  -^- —  =  114*75  sq.  in.     Hence  we  have  left  for  the  top  plate  114*75  —  56  =  58*75  sq.in. 
z 

In  order  to  keep  the  channel-bars  of  a  uniform  section  throughout,  we  will  also  add  to  this  top 
plate  the  varying  sections  of  upper  chord,  required  by  the  structure  alone,  in  the  calculation 
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above.    The  fallowing  Table  shows  how  this  is  done  :  the  sixth  Hue  gives  the  number  of  sq.  in.  of 
section  required  in  the  top  plate  in  each  panel. 

Table  of  Sectional  Area  of  Top  Plate  in  each  Panel. 


Number  of  Panel. 

1               i               ! 
0                1        j        2                3 

4 

5 

6 

7 

8 

Total   section  of  onei 
top  plate        . .      . .  / 

Section   required    fori 
upper      chord      of  \ 
structure        . .      . .  J 

1 
114-75  j  114-75 

114-75 

114-75 

114-75 

I 
114-75  1  114-75 

114-75 

114-75 

30-15 

30-15 

29-31 

27-64 

25-12 

21-775     17-59 

12-56 

6-7 

Aggregate  section    . . 
Deduct  assumed  sec-i 

tion  of  channels   . .  J 
Leaves  for  section  of  i 

top  plate       . .      . .  / 

144-90 
56-00 

88-90 

144-90 
56-00 

88-90 

144-06 
56-00 

88-06 

142-39  ;  139-87 

56-00       56-00 

1 
86-39       83-87 

136-525    132-34 

56-00  !     56-00 

Ì 
80-525     76-34 

127-31 
56-00 

71-31 

121-45 
56-00 

65  45 

D  imensions  of  top  plate 

in.        in.     in.        in.    :  in.        in.      in.        in.     in.        in.      in.        in.      in.        in.      in.        in.     in.        in. 

42x2-11  42x2- 11 42x2-09  42x2-05  42x1 -99  42x1 -92  42x1 -81  42x1 -70  42x1 -55 
1                1                1              .  1                1             .   1 

Recapitulation  of  whole  Weight.  ibs. 

Tie-rods,  counter-rods,  posts,  upper  and  lower  chords  on  one  side      . .      . .  78,741  ■  3 

Additional  weight  on  one  side 93,836-0 

Extra  items 17,142*7 

Weight  of  top  plate  on  one  side,  114-75  x  3*36  =  385-5  per  foot,)  117QM  n 

or385  x  5  x3-06= )"      "  li/»yM  u 

One  cable,  312  ft.  x  19  x  5-09  lbs 30,173-0 

Suspenders,  &c,  36  x  306,  or,  for  one  side,  18  x  306 5,508  ■  0 


One-half  weight  of  whole  structure 343,364  lba. 

Total  weight  of  the  entire  structure 343  ■  36  tons. 


Weight  per  foot 


343-36 
306 


1-122  ton. 


For  further  particulars  respecting  this  system,  the  reader  is  referred  to  Roebling's  large  work, 
published  by  D.  Van  Nostrana,  N.Y. 

Oblique  Bridges  are  bridges  in  which  the  axis  of  the  arch  meets  the  supports  in  an  oblique 
direction.  Eaiíways  have  much  necessity  for  this  kind  of  bridges,  because  the  survey  frequently 
makes  it  necessary  to  carry  the  track  over  a  road  or  a  canal,  which  it  intersects  at  an  angle  more 
or  less  acute.  From  obvious  economical  considerations,  only  the  leading  arches  and  courses  of  the 
springers  are  constructed  of  hewn  stone  ;  the  body  of  the  arch  is  formed  of  materials  of  a  weaker 
description,  often  of  bricks.  These  considerations  have  led  engineers  to  the  conception  of  a  plan 
appropriate  to  this  kind  of  construction.  Three  principal  systems  are  at  present  in  use  in  the 
construction  of  oblique  bridges  :  the  helicoidal  arrangement,  which  was  originated  in  England  ;  the 
orthogonal  arrangement,  invented  in  France;  and  that  of  upright  arches  en  retraite,  a  very  ancient 
system  lately  brought  into  use.  In  each  of  the  two  first  systems,  the  arch  is  semicircular,  and  it  is 
the  mode  of  its  subdivision  into  voussoirs  which  distinguishes  it  from  ordinary  semicircular  arches. 

The  Helicoidal 'Arrangement  — This  is  so  named  from  the  fact  that  the  edges  of  the  inward  arch 
are  spirals,  and  the  bed-joints,  as  well  as  the  upright  joints,  are  helicoidal  surfaces  of  square- 
threaded  screws.  This  arrangement  is  determined  in  the  following  manner  .-—Let  EK  and  F  J, 
Fig.  1464,  be  the  spring  lines  of  the  intrados,  D  H  and  G  L  those  of  the  extrados  ;  H  L  and  D  G 
the  horizontal  draughts  of  the  principal  planes:  let  E'VF'  and  KVJ  be  the  vertical  projections 
of  the  intersections  of  these  principal  planes  with  the  intrados;  let  D'C'B'G'  be  the  projection  of 
the  intersection  of  the  extrados  on  the  plane  DG;  finally,  let  abed  and  A  BCD  be  the  upright 
sections  of  the  intrados  and  extrados,  developed  upon  the  plane  of  the  spring,  which  is  here  the 
horizontal  plane.  We  will  suppose  these  upright  sections  to  be  circles,  and  commence  by  con- 
structing at  aßß'a  the  development  of  the  intrados:  we  draw  the  chords  aß  and  aß',  dividing 
them  into  the  same  number  of  equal  parts,  at  the  points  1,  2,  3,  and  so  on;  1',  2',  3',  and  so  on. 
We  join  any  one  point  of  division  of  aß'  with  a  point  of  division  of  aß,  so  chosen  that  the  line  of 
function  diners  as  little  as  possible  from  a  perpendicular  common  to  the  two  chords  aß  and  aß'. 
We  see  here,  for  example,  that  to  fulfil  these  conditions  it  is  necessary  to  join  the  point  4'  to  the 
point  7;  in  the  same  way  the  point  3'  to  the  point  6,  the  point  2'  to  the  point  5,  and  so  on;  the 
point  5'  to  the  point  8,  and  so  on  with  the  rest.  We  shall  thus  obtain  a  series  of  parallel  and  equi- 
distant right  lines.  The  number  of  the  divisions  of  aß  or  a  ß'  should  be  regulated  in  such i  a 
manner  that  the  distance  of  two  consecutive  parallels  should  be  equal  to  the  thickness  oí  the 
materials  which  are  intended  to  be  used  for  the  body  of  the  arch,  or  should  only  slightly  exceed 
that  thickness.  If  we  imagine  the  figure  aßß'a  to  be  applied  upon  the  cylinder  oi  the  intrados, 
the  parallels  in  question  will  become  spiral  parallels.  These  are  the  spirals  w  Inch  are  taken  as  a 
guide  for  the  edges  of  the  inward  arch.  We  obtain  the  projections  of  these  Bpiralfl  in  the  follo*  mg 
manner:— If  from  the  points  of  division  of  aß  and  aß',  which  occupy  the  same  level,  we  .lraw 
right  lines,  they  will  be  parallel  to  the  axis  O  O'  of  the  arch,  and  will  he  nothing  more  or  less 
than  the  generatrices  of  the  intrados.  To  obtain  the  projections  of  those  generating  lines,  we  must 
divide  the  half-circumference  abed  into  as  many  equal  parti  as  a ß  ;  and  from  tin  points  ol  division 


728 


BEIDGE. 


draw  parallels  to  O  O'  ;  these  are  the  horizontal  projections  of  the  generating  lines.  From 
the  points  where  these  projections  meet  the  right  line  E  F,  we  draw  perpendiculars  to  the  base 
line  XY;  the  points  where  these  perpendiculars  meet  the  semi-ellipse  E'VF'  will  belong  to  the 
vertical  projections  of  the  corresponding  generatrices  ;  and,  by  drawing  from  these  last  points  lines 


1464. 
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parallel  to  X  Y,  we  shall  have  the  vertical  projections  themselves.  This  being  understood,  if  we 
wish  to  obtain,  for  example,  the  horizontal  projection  of  the  generating  line  4'  7,  we  mark  the 
points  e,  (p,  0,  C  where  it  meets  successively  the  leading  curve  a  i  /3,  the  generatrix  6  *  6',  the  genera- 
trix 5  •  5',  and  the  leading  curve  a'  %'  ß'  ;  from  these  points  we  draw  lines  perpendicular  to  O  O', 
ending  respectively  on  the  right  line  E  F,  the  horizontal  projection  of  the  generatrix  6*6',  on  that 
of  the  generatrix  5 -5',  finally  on  the  right  line  K  J;  we  shall  thus  obtain  four  points,  e,f,  t,  z,  of 
the  required  projection,  and  it  will  be  easy  to  trace  this  projection.  In  the  same  manner,  the 
horizontal  projection  of  the  other  spirals  will  be  obtained  :  they  are  marked  in  dark  lines  in  the 
quadrilateral  E  F  J  K.  To  obtain  the  vertical  projection  of  a  spiral,  it  is  necessary  to  mark  the 
points  where  its  horizontal  projection  meets  the  horizontal  projections  of  the  different  generatrices 
of  the  cylinder,  and  from  these  points  to  draw  lines  per- 
pendicular to  the  base  line,  until  they  meet  the  vertical 
projections  of  the  same  generatrices  ■  we  thus  obtain  the 
curves  c'  k,  b'  ¿,  and  so  on. 

Spiral  surfaces  with  a  square-threaded  twist  are  taken 
for  the  bed-joints  ;  that  is,  each  of  these  joints  is  governed 
by  a  right  line  subject  to  remain  parallel  to  the  plane  of 
the  upright  section  of  the  cylinder,  and  to  rest  constantly 
upon  the  axis  O  O'  of  this  cylinder,  and  upon  the  spiral 
which  forms  the  edge  of  the  inner  arch  corresponding  to 
the  joint  under  consideration.  Before  going  further,  it  is 
necessary  to  determine  the  intersection  of  these  spiral  joints 
with  the  leading  planes.  The  intersection  of  a  spiral  sur- 
face with  a  plane  may  be  constructed  by  the  ordinary 
methods  of  descriptive  geometry.  Let  us  suppose  that  the 
vertical  line  01,  Fig.  1465,  is  the  axis  of  the  surface;  and 
that  the  directing  spiral  has  for  its  horizontal  projection 
the  circumference  0  A,  and  for  its  vertical  projection  the 

sinusoid  AB'A' ;    and  let  PQ  be  the  vertical  "i 

tracing  of  the  intersecting  plane,  supposed  to  be  perpen- 
dicular to  the  vertical  plane  of  projection.  Draw  any 
auxiliary  horizontal  plane  K  H  ;  this  auxiliary  plane  will 
intersect  the  helicoidal  surface  according  to  a  horizontal  line 
which  is  projected  vertically  upon  K  H,  and  horizontally  according  to  a  radius  O  N,  which  will  bo 
determined  by  the  condition  that  the  arc  ADN  shall  be  to  the  entire  circumference  in  the 
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ratio  of  A  H  to  the  space  A  A'.  The  same  auxiliary  piane  Trill  intersect  the  plane  P  Q,  accord- 
ing to  a  line  perpendicular  to  the  vertical  plane,  which  is  projected  vertically  according  to  the 
point  M',  and  horizontally,  according  to  a  line  m  M,  perpendicular  to  the  base  line.  The  point 
M,  M',  belonging  at  the  same  time  to  the  generatrix  IHjON,,  and  to  the  intersection  of  the  auxi- 
liary and  the  intersecting  planes,  is  a  point  of  the  intersection  of  the  plane  P  Q  with  the  helicoidal 
surface.  We  can  obtain  in  the  same  manner  as  many  points  of  this  intersection  as  may  be  desired. 
For  facility  of  working,  it  will  be  convenient  to  divide  the  circumference  AB  and  the  space  A  A' 
into  the  same  number  of  equal  parts  starting  from  the  point  A,  the  points  of  division  of  the  samo 
level  will  give  the  radius  analogous  to  O  N,  and  the  horizontal  plane  analogous  to  K  H.  which  will 
determine  one  point  of  the  desired  line.  Having  the  projections  of  the  required  intersection,  we 
can  obtain  it  in  its  true  dimensions  by  describing  the  plane  P  Q  around  its  vertical  tracing. 

To  solve  the  same  problem,  we  can  also  employ  calculation.  If  we  take  for  the  axis  of  z  the 
axis  O I  of  the  surface,  for  axis  of  x  the  direction  of  the  radius  O  A,  and  for  axis  of  y  a  per- 
pendicular radius,  designating  by  h  the  space  A  A'  of  the  directing  spiral,  we  shall  have  for 
equation  of  the  helicoidal  surface, 


r^-  arc  tan.  -^ 

¿TT  Z 


[1] 


If  o  designates  the  angle  of  P  Q  with  the  axis  of  xi  and  ò  the  distance  o  c,  we  shall  have  for 
equation  of  the  intersecting  plane, 

z  —  x  tan.  a  +  b. 
Eliminating  x  from  these  two  equations,  we  obtain  the  equation  of  the  projection  of  the  desired 

intersection  upon  the  plane  of  xy  ;  that  is,  ¿r—  arc  tan.  —  =  x  tan.  a  +  b,  whence 

¿ir  y 

y  =  x  tan.  —  (x  tan.  a  +  6),  [3] 

which  curve  we  can  construct  by  points.  The  intersection  of  the  dividing  plane  with  the  vertical 
cylinder,  which  has  this  curve  for  its  base,  will  be  the  intersection  of  the  same  dividing  plane  with 
ihe  helicoid  surface. 

Whichever  of  the  two  methods  we  employ,  we  shall  find  that  uôg. 

the  curve  which  has  for  its  equation  the  relation  [3],  has  a  form 
analogous  to  that  indicated  in  Fig.  1466.  It  is  composed  of  two 
branches  which  have  a  common  asymptote  a  a,  and  two  other 
asymptotes,  belonging  one  to  each,  ß  ß,  77,  all  three  parallel  to 
the  axis  of  y.  Other  branches  and  other  asymptotes  may  be  ob- 
tained by  paying  attention  to  the  undefined  part  of  the  helicoidal 
surface,  which  is  extended  outside  the  cylinder,  whose  base  is  the 
circle  ADB  but  this  consideration  is  of  no  value  in  the  question 
with  which  we  are  occupied.  If  we  imagine  a  vertical  cylinder, 
having  for  its  base  the  two-branched  curve  of  Fig.  1466,  we  have 
seen  that  its  intersection  by  the  cutting  plane  P  Q,  Fig.  1465,  will 
be  at  the  same  time  the  intersection  of  this  plane  with  the  heli- 
coidal surface.  This  intersection  will  evidently  have  a  form 
analogous  to  the  curve  in  1466. 

For  each  helicoidal  joint  it  would  be  necessary  to  construct  an 
analogous  curve,  if  it  were  desired  to  have  exactly  its  intersection 
with  the  leading  plane.  But  when  the  upright  section  of  the  arch 
has  a  great  radius,  as  is  often  the'  case,  the  intersections  of  the 
joints  with  the  leading  plane  have  only  a  slight  curvature,  and 
may,  without  any  appreciable  error,  be  considered  as  right  lines  ; 
we  can  then,  in  the  construction  of  these  lines,  profit  by  a  remark- 
able property  of  these  curves.  If  from  points,  such  as  6'  and  c', 
Fig.  1464,  where  the  intersections  of  the  helicoidal  joints  with  the 
leading  plane  meet  the  curve  of  the  intrados  E',  c',  b\  F',  we 
draw  tangents  to  these  intersections,  all  these  tangents  will  come 
together  at  one  point  I',  situated  upon  the  vertical  line  of  the 
centre  O".    Let  us  now  consider  the  equation  [3]  :  taking  the  differentials  of  the  two  terms, 
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we  obtain  y'  —  tan.  — -  (x  tan.  a  +  6)  4- 


x5  —  tan. 
h 


2  7T 

"  cos.2  — -  O  tan.  o  +  6) 

h 
Now  the  ordinate  Y  of  the  point,  where  the  tangent  of  this  curve  meets  the  axis  of  .y,  lias  for  ils 
equivalent  y  -  y'x;  substituting  for  y  and  y'  their  equivalents,  and  reducing,  we  obtain 

_  2  7T  tan.  a  3? 

cos.2  —  (x  tau.  o  +  6) 
h. 


But  the  equation  of  the  curve  gives  tan.  —  (x  tan.  a  +  6)  =  -,  whence  we  get 


—  O  tan 
h 


a-f  6)  = 


Substituting  for  Y,  it  follows  that  Y  = 


2  TT  tan.  o 


~2  +  ^ 
(x2  +  y*). 
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If  we  consider  in  particular  the  point  of  the  curve  which  is  on  the  circumference  O  A,  Fig.  1460, 
the  radius  of  which  we  represent  by  r,  we  may  write 

2tt  tan.  a 
Y  = r2,  [4] 

which  expression  is  independent  of  b  ;  that  is  to  say,  the  distance  Y  would  remain  the  same  if  we 
transposed  the  intersecting  plane  P  Q  in  a  direction  parallel  to  itself,  or,  what  amounts  to  the 
same,  if  we  caused  the  helicoidal  surface  to  revolve  in  a  direction  parallel  to  its  axis.  Let  us 
observe  now,  that  all  the  right  lines,  which  on  being  described  round  the  cylinder  of  the  intrados, 
have  become  the  edges  of  the  inner  arch,  being  parallel  right  lines  ;  these  edges  of  the  inner  arch 
are  equal  spirals.  The  surfaces  of  the  joints  which  have  these  spirals  as  directing  lines  are  then 
equal  themselves;  and  they  can  be  made  to  coincide  by  causing  them  to  revolve  sufficiently  in  a 
direction  parallel  to  the  axis  of  the  intrados.  It  follows  from  this  that  in  place  of  cutting  all  the 
surfaces  of  the  joints  by  the  leading  plane,  we  should  obtain  the  same  intersections  by  cutting 
only  one  of  them  by  planes  parallel  to  the  leading  plane  situated  at  convenient  distances  from 
this  leading  plane.  The  projections  of  the  curves  of  intersection  upon  the  plane  of  the  upright 
section  will  then  also  be  the  same,  that  is,  that  to  obtain  them  it  is  sufficient  properly  to  vary  b  in 
the  equation  [3].  But  the  distance  Y  is  independent  of  b  ;  hence,  if  from  the  points  where  the 
different  curves  which  are  projections  of  the  intersections  of  the  surfaces  of  the  joints  by  the 
leading  plane,  meet  the  circumference  abd,  Fig.  1464,  we  draw  tangents  to  those  curves,  they 
will  come  together  at  a  point  I,  situated  on  the  axis  O  O'  at  a  distance  from  the  centre  indicated 
by  the  expression  of  Y.  But  we  know  that  the  projection  of  the  tangent  of  a  curve  is  itself  a 
tangent  of  the  projection  of  this  curve.  If  then  the  lines  B  6,  C  c,  and  so  on,  Fig.  1464,  are  the 
projections  of  the  lines  B'  b',  0'  c",  and  so  on,  upon  the  plane  of  the  upright  section,  the  tangents 
at  6,  c,  and  so  on,  are  the  projections  of  the  tangents  at  6',  c',  and  so  on.  Now  the  tangents  at  6,  c, 
and  so  on,  come  together  at  one  point  I,  then  the  projecting  planes  of  which  these  tangents  are 
the  tracings,  and  which  are  all  parallel  to  the  axis  O  O',  intersect  in  the  direction  of  a  line  parallel 
to  this  axis  passing  through  the  point  I.  This  parallel  line  meets  the  leading  plane  at  a  point  of 
the  vertical  of  the  point  O,  which  is  projected  at  I'  to  a  distance  from  O"  equal  to  OxI;  finally, 
then,  the  tangents  of  the  points  6',  c',  and  so  on,  all  meet  together  at  the  point  I'. 

The  distance  0"  I',  or,  in  absolute  value,  Y,  is  easily  constructed.  From  the  centre  O  of  the 
upright  section  we  draw  a  line  parallel  to  the  tracing  E  F  of  the  leading  plane,  until  it  meets  at 
T  with  the  prolongation  a  F  of  the  line  of  the  spring  ;  and  from  the  point  T  we  draw  T  Z  parallel 
to  the  right  lines  4'  •  7,  or  3'  •  6,  and  so  on,  which  are  the  development  of  the  edges  of  the  inner 
arch  ;  a  Z  will  be  the  desired  distance.  We  have  already  called  a  the  angle  G  D  A  which  the 
leading  plane  makes  with  the  axis  of  the  intrados  ;  let  us  now  call  i  the  angle  a  T  Z,  equal  to  the 
angle  a  a'  3  which  the  developed  spiral  makes  with  a  line  parallel  to  the  axis  ;  there  results  from 

2irr 
this,  tan.  i  =  —r— .    Now  the  triangle  Ox  T  a  gives  T  a  =  01  a  tan.  o.  —  r  tan.  a,  and  the  triangle 

2irr 
Taz  gives  a Z  =  T a  tan.  i  —  r  tan.  a  tan.  i  =  r  tan.  a  — —  ,  a  quantity  which  is  equal  to  Y  in 

absolute  value. 

The  application  of  this  property  to  the  purpose  we  are  considering  is  easily  made  ;  join  the 
points  6,'c',  and  so  on,  to  the  point  1';  the  prolongations  B'6',  O'e',  and  so  on,  of  the  lines  of 
junction  will  be  the  tangents  at  6/  c',  and  so  on,  to  the  intersections  of  the  surfaces  of  the  joints 
by  the  leading  planes,  and  may  be  taken  for  these  intersections  themselves  under  ordinary  circum- 
stances where  these  curves  have  only  an  inappreciable  curvature. 

To  determine  the  upright  joints,  draw  right  lines  such  as  p.  v,  Fig.  1464,  perpendicular  to  the  right 
lines  p  a',  <r  7,  and  so  on,  which  are  the  development  of  the  edges  of  the  inner  arch.  Only  a  few  of 
these  perpendiculars  are  marked  on  the  sketch.  When  the  figure  aß  ß'  a'  is  applied  to  the 
cylinder  of  the  intrados,  the  perpendicular  in  question  become  arcs  of  spirals,  such  as  that  which 
is  projected  at  m  n,  normal  to  the  edges  of  the  inner  arch.  Helicoidal  surfaces  with  a  square 
threaded  twist  having  these  spirals  for  directrices  are  taken  for  the  upright  joints.  The  arch  is 
thus  divided  into  voussoirs  by  surfaces  normal  to  the  inner  arch  and  perpendicular  to  one  another, 
which  is  the  essential  condition  of  the  arrangement  of  an  arch.  To  obtain  an  intermediate  point 
of  the  spiral  projected  at  m  n,  we  take  an  intermediate  point  upon  the  right  line  ¡x  v,  for  example, 
that  which  is  found  upon  the  generatrix 3* 3'  ;  drawing  from  this  point  aline  perpendicular  to  O  O' 
until  we  meet  with  the  horizontal  projection  of  the  generatrix  corresponding  to  3*3,  we  shall  have 
the  horizontal  projection  of  the  desired  point.  To  get  the  vertical  projections  corresponding  to 
m  and  n,  it  will  be  sufficient  to  draw  from  these  points,  perpendiculars  to  the  base  line  until  we 
meet  at  m'  and  n'  with  the  lines  c'  k  and  6'  I,  vertical  projections  of  the  generatrices,  of  which  r  m 
and  s  n  are  the  horizontal  projections.  As  to  the  intermediate  point  between  m  and  n,  we  shall 
draw  from  this  point  a  line  perpendicular  to  A  D,  and  one  perpendicular  to  X  Y  ;  taking  that 
portion  of  the  former  which  is  comprised  between  A  D  and  the  circle  abed,  we  shall  carry  it  on 
to  the  second  starting  from  X  Y  ;  we  shall  thus  have  an  intermediate  point  upon  the  projection 
m'  n'.  We  may  proceed  in  the  same  manner  for  the  other  upright  joints.  We  have  at  ¡x  v  a  p  the 
development  of  the  panel  of  the  inner  arch  corresponding  to  that  portion  of  the  intrados  comprised 
between  the  joint  mn  and  the  leading  plane.  The  surfaces  of  the  joints  cut  the  extrados  in 
the  direction  of  spirals  having  respectively  the  same  space  ;  and  this  consideration  aifords  the 
means  of  obtaining  the  development  of  the  panel  of  the  extrados  which  corresponds  to  the  panel 
p.  v  a  p  of  the  intrados.  In  fact,  the  two  bed-joints  and  the  upright  joint  which  form  the  limits  of 
the  voussoir  corresponding  to  m  n  s  /-,  are  cut  according  to  two  right  lines  starting  from  the  points 
m,  m',  and  n,  n',  which,  being  the  generatrices  of  the  two  bed-joints,  are  parallel  to  the  upright 
section  of  the  intrados  and  meet  the  axis  O  O'.     These  horizontal  projections  will  then  be  directed 
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according  to  lines  perpendicular  to  0  O'  drawn  from  the  points  m  and  n  ;  and  if  we  develop  the 
extrados,  the  points  where  the  surface  is  met  by  the  said  generatrices  will  fall  at  M  and  N"  situated 
upon  the  prolongation  of  the  right  lines  m/x  andwi/.  On  the  other  hand,  if  A  U  is  the  develop- 
ment of  the  leading  arc  of  the  extrados,  supposed  to  be  obtained  in  the  same  manner  as  for  the 
intrados,  the  point  projected  at  C  will  fall  at  E,  and  the  point  projected  at  B'  will  fall  at  S.  The 
spirals  of  the  extrados  which  pass  through  these  two  points  having  the  same  space  as  those  of 
the  intrados  which  pass  through  the  points  p  and  a,  will  give,  on  development,  right  lines  which 
will  meet  together  at  the  same  points  of  the  line  of  a  L,  starting  from  which  we  effected  the  two 
developments;  that  is  to  say,  the  spiral  corresponding  to  the  point  E  will  give  the  right  line  E  a, 
which  converges  with  p  a  to  the  same  point  a  ;  and  the  spiral  corresponding  to  the  point  S  will 
give  the  right  line  S  a',  which  converges  with  cr  or'  to  the  same  point  cr'  of  the  line  a  L.  These 
right  lines  E  a  and  S  a'  will  determine  the  points  M  and  N ,-  and  we  shall  have  at  M  N  S  E  the 
development  of  the  panel  of  the  extrados  corresponding  to  the  panel  ¡x  v  a  p  of  the  intrados. 

Before  proceeding  to  cut  the  voussoir,  it  is  still  necessary  to  effect  its  projection  on  the  plane 
of  the  right  section.  For  this,  draw  from  the  points  m  and  n  perpendiculars  to  A  D  until  they 
meet  the  circumference  a  b  c  d  at  m1  and  nx  ;  then  from  the  centre  O,  take  the  radii  m,  M„  and 
nx  Nx  ;  these  will  be  the  projections  of  the  generatrices  of  joints  which  pass  along  the  points 
m',  m',  and  n,  ri.  We  have  already  the  right  lines  B  b  and  G  c  which  concur  at  the  point  I,  the 
projection  of  the  voussoir  under  consideration  will  be  comprised  between  the  right  lines  B  6  and 
Mj  nv  To  apply  the  draught  upon  stone,  prepare  a  prism  having  for  its  base  the  curvilinear 
quadrilateral  B  b  m,  M,  and  for  its  height  the  distance  of  the  points  r  and  n  computed  parallel  to 
O  O'.  After  having  marked  upon  the  two  bases  the  points  &,  c,  ml5  nu  B,  C,  M„  N\,  join  the 
corresponding  points  by  right  line,  which  will  be  the  generatrices  of  the  cylinders  of  the  intrados 
and  the  extrados.  Upon  the  concave  cylindrical  surface  apply  the  flexible  panel  /x  v  a  p  in  such  a 
way  that  the  point  v  falls  at  nv  upon  one  of  the  bases,  the  point  p  at  c  upon  the  othei  base,  the 
point  o-  upon  the  generatrix  starting  from  b,  and  the  point  ¡x  upon  the  generatrix  starting  from  mv 
Apply  upon  the  convex  cylindrical  surface  the  flexible  panel  MNSK,  in  such  a  way  that  the 
point  N  falls  at  N,  upon  one  of  the  bases,  the  point  E  at  C  upon  the  other  base,  the  point  S  upon 
the  generatrix  starting  from  B,  and  the  point  M  upon  the  generatrix  starting  from  Mr  By  the 
help  of  these  two  panels  trace  spirals  answering  to  the  right  lines  ¡x  p,  v  a,  ¡x  v,  M  E,  N  S,  M  N, 
and  the  elliptical  arcs  corresponding  to  the  curves  p  cr  and  E  S.  These  two  last  arcs  will  deter- 
mine the  plane  of  the  heading  face,  and  allow  the  face  to  be  cut.  As  for  the  spiral  joints,  they 
will  be  cut  by  using  a  rule  passing  along  points  of  reference  marked  out  previously  upon  the  right 
lines  ¡x  p  and  M  E,  upon  the  right  lines  /x  p  and  N  8,  and  upon  the  right  lines  ¡x  v  and  M  N.  These 
points  of  reference  are  obtained  easily  by  dividing  into  the  same  number  of  equal  parts  the  right 
corresponding  lines  upon  which  they  have  to  be  marked.  In  the  same  way  all  the  voussoirs 
belonging  to  the  leading  arcs  maybe  cut. 

Supposing  the  arch  to  be  entirely  constructed  of  ashlar  work,  all  the  longitudinal  voussoirs 
might  be  cut  in  the  same  manner.  They  could  also  be  obtained  by  a  method  exactly  similar  to 
that  used  in  shaping  the  stones  for  the  helix  of  a  corkscrew  staircase.  But  more  generally  the 
body  of  the  arch  is  constructed,  as  has  been  said,  of  materials  of  small  dimension,  for  example,  of 
bricks.  The  stones  which  compose  this  construction  are  then  identical  one  with  another,  and  to 
place  them  properly,  spread  upon  the  framework,  which  is  to  bear  the  arch  for  a  time,  a  layer  of 
plaster  forming  a  cylinder  equal  to  the  intrados,  upon  this  layer  trace  the  spirals  which  form  the 
edges  of  the  inner  arch  ;  the  distance  from  one  to  another  is  that  of  the  thickness  of  the  stones 
which  are  to  be  used  ;  it  only  remains  to  place  these  latter  in  the  intervals  between  the  spirals,  so 
that  the  face  which  is  to  form  the  inner  arch  coincides  with  the  layer  of  plaster,  and  they  are 
then  united  by  cement. 

Independently  of  the  voussoirs  belonging  to  the  head  arches,  the  upper  course  of  the  imposts, 
and  the  triangular  voussoirs  marked  by  the  letter  a>  in  Fig.  1459,  named  coussinets,  are  constructed 
of  stone.  These  coussinets  must  be  firmly  fixed  in  order  to  resist  the  thrust  of  the  layers  which 
have  a  tendency  to  slip  along  the  bed-joints,  considerably  inclined  towards  the  springers.  For 
this  reason  the  coussinets  are  shaped  so  as  to  fit  in  with  the  stones  of  the  upper  course  of  the 
imposts.  These  coussinets  have  a  concave-cylindrical  face  on  the  intrados,  a  convex-cylindrical 
face  on  the  extrados,  a  spiral  face  making  part  of  a  bed-joint,  and  a  spiral  face  forming  an  upright 
joint.  They  are  shaped  like  the  heading  voussoirs,  by  means  of  panels  of  development  of  the  faces 
of  the  intrados  and  extrados  ;  the  figures  a  1"  1  and  A  1"  x,  Fig.  1464,  represent  these  two  develop- 
ments for  the  first  coussinet  on  the  left. 

The  defect  of  the  helicoidal  arrangement  lies  in  the  tendency  of  certain  courses  to  .slip 
outwards  :  thus  the  course  projected  at  6'  c'  k  I,  Fig.  1464,  has  a  tendency  to  slip  towards  the  back 
of  the  arch.  To  avoid  this  defect,  the  helicoidal  arrange- 
ment may  be  limited  to  that  portion  of  the  arch  comprised  U6Ï' 
between  the  leading  plane  and  a  neighbouring  upright 
section.  If,  for  example,  A  B  and  C  B,  Fig.  1467,  repre- 
sent the  horizontal  tracing  of  the  leading  planes,  and  INI  N 
and  O  P  those  of  two  neighbouring  upright  sections,  the 
helicoidal  arrangement  may  be  employed  only  for  the 
portions  A  B  N  M  and  C  D  P  O  of  the  arch,  and  the  por- 
tion M  N  P  O  be  arranged  as  in  an  ordinary  cylindrical 
arch.  The  courses  which  have  a  tendency  to  slip  out- 
wards, at  C  and  at  B,  are  thus  suppressed,  or  at  least  reduced  to  the  loading  voussoirs.  More  espe- 
ciallyin  case  the  arch  is  intended  to  be  of  great  length  will  it  be  useful  to  adopt  this  arrangement 

The  helicoidal  arrangement  has  also  been  charged  with  a  tendency  in  the  courses  to  become 
twisted  when  the  framework  is  taken  away  and  before  the  mortar  lias  acquired  a  proper  consistency 
To  remedy  this,  it  has  been  proposed  to  replace  the  upright  spiral  joints  by  plane  joint»  parallel 
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to  the  leading  planes.  But,  on  this  supposition,  it  would  be  preferable  to  adopt  the  orthogonal 
arrangement. 

The  Orthogonal  Arrangement. — A  line  meeting  normally  all  the  curves  of  a  series  is  called  their 
orthogonal  trajectory.  In  the  arrangement  under  consideration  the  upright  joints  are  vertical 
planes  parallel  to  the  leading  planes  ;  these  planes  cut  the  intrados  according  to  curves  equal  to 
tiie  leading  arcs,  ellipses  for  instance;  the 
edges  of  the  suffits  are  the  orthogonal  trajec- 
tories of  these  equal  curves,  and  the  arrange- 
ment ought  to  be  called  the  arrangement  by 
orthogonal  trajectories. 

The  projections  of  these  trajectories  are 
constructed  in  the  following  manner.  Let 
A  C  and  B  D,  Fig.  1468,  be  the  spring  lines 
of  the  arch  ;  we  shall  take  the  plane  of  the 
spring  for  the  horizontal  plane  of  projection, 
and  the  leading  plane  A  B  for  the  vertical 
plane.  To  make  it  more  clear,  we  shall  sup- 
pose that,  as  is  most  frequently  the  case,  the 
leading  curves  are  circles.  Let  x  x,y  y,  zz, 
u  u,  be  the  tracings  of  planes  parallel  to  the 
leading  planes,  and  which  determine  the  up- 
right joints;  let  0,  1',  2',  3',  4',  5',  be  the 
centres  of  circles  according  to  which  the  in- 
tersections of  these  planes  with  the  intrados 
are  projected.  It  will  be  noticed  at  the  outset 
that  each  of  the  required  trajectories  is  pro- 
jected upon  the  vertical  plane  according  to  a 
curve  which  is  itself  an  orthogonal  trajectory 
of  the  circles  whose  centres  are  0,  1',  2',  3',  4', 
5'.  For  if  we  consider  by  itself  one  of  the 
required  trajectories,  at  the  point  where  it 
meets  one  of  the  circles  x  x,  yy,  and  so  on,  its 
tangent  is  perpendicular  to  the  tangent  of 
this  circle,  which  is  parallel  to  the  vertical 
plane.  Now,  when  a  right  angle  has  one  of 
its  sides  parallel  to  one  of  the  planes  of  pro- 
jection, we  know  that  it  is  projected  upon 
this  plane  at  a  right  angle;  the  tangent  of 
the  trajectory  in  question  then  is  projected 
vertically  according  to  the  normal  of  the  projection  of  the  circle  under  consideration,  and  as  we 
can  say  the  same  of  all  the  analogous  circles,  it  results  that  the  projection  of  the  trajectory  meets 
all  these  circles  normally,  and  that  it  is  in  consequence  their  orthogonal  trajectory 

This  trajectory  of  the  circles  0, 1',  2',  and  so  on,  may  be  determined  exactly  by  calculation.   Any 
one  of  these  circles  has  for  its  equation 

(*-«)*  +  if  =  B*,  [5] 

B  designating  the  radius  and  a  the  abscissa  of  the  circle,  computed  on  X  Y,  starting  from  any  part  ; 
for  example,  from  the  point  A.  It  is  demonstrable,  by  the  differential  calculus,  that  to  obtain  the 
orthogonal  trajectory  of  a  series  of  curves,  we  must  state  the  equation 

l  +  i/|f  =  0,  [6] 

in  which  y1  represents  the  angular  coefficient  of  the  tangent  to  one  of  the  proposed  curves,  and  must 
eliminate  from  this  proportion  and  the  general  equation  of  these  curves,  the  variable  parameter 

d 


which  belongs  to  each  curve.    From  the  equation  [5]  we  obtain  y'  —  — 


y 


consequently  we 


should  have  1 — -  =  0  ;  eliminating  d  from  this  proportion  and  the  equation  [5],  and 

then  integrating,  we  obtain  for  the  equation  of  the  required  trajectory 


x  =  log. 


K 


y  B 

We  see  tnat  all  the  orthogonal  trajectories  of  the  circles  0,  1',  2',  3',  and  so  on,  are  equal  curves,  and 
that  having  obtained  one  of  them,  we  shall  get  all  the  others  by  causing  the  first  to  revolve  parallel 
tc  the  axis  X  Y.  If,  for  example,  we  suppose  the  arbitrary  constant  =  O,  we  shall  find  for  x  and  y 
the  corresponding  values  stated  in  the  following  Table  : — 


Values  of  -^- 

Values  of  — 

1 

0-4 

o-ooo 

-0-G49 

0-9 

0-3 

-0-031 

-0-918 

0-8 

0-2 

-0-092 

-1-310 

0°7 

o-i 

-0-183 

-T993 

0-6 

0"0 

-0-298 

—  GO 

0-5 

-0-4G0 

1469. 
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These  values  correspond  with  a  curve  of  the  form  indicated  in  Fig.  1469.    If  the  sections  parallel 
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to  the  leading  planes  were  ellipses  having  for  semi-axes  a  and  b,  we  should  likewise  find  for  the 
equation  of  the  orthogonal  trajectory  of  their  projections  upon  the  vertical  plane 

.6  -  V&1  -  y2 


ä[_log- 


Vò2 


-v21 

>    J 


+  const. 


Instead  of  having  recourse  to  calculation,  we  may  construct  the  curve  approximately  by  the  pro- 
perty which  serves  for  its  definition.  For  example,  let  M',  Fig.  1468,  be  the  first  point  from  which 
we  wish  to  draw  an  orthogonal  trajectory  of  the  circles  0,  1',  2',  3',  and  so  on.  If  from  the  point 
M'  we  draw  a  right  line  in  the  direction  of  the  point  0,  until  it  meets  the  circle  1'  ;  from  the  point 
of  meeting,  a  right  line  in  the  direction  of  1',  until  it  meets  the  circle  2';  from  the  new  point  of 
meeting,  a  right  line  in  the  direction  of  2',  until  it  meets  the  circle  3'  ;  and  so  on  ;  we  shall  obtain 
a  broken  line  M'  d,  which  will  differ  less  and  less  from  the  desired  curve,  in  proportion  as  the 
sections  x  a?,  y  y,  z  z,  and  so  on,  are  nearer  one  to  another.  But  it  will  be  a  little  lower  in  position 
than  this  curve,  because  its  successive  sides  are  normal  only  to  the  circle  which  passes  round  their 
upper  extremities.  If  on  the  contrary  we  join  M'  to  the  point  1',  arresting  the  line  of  junction  at 
the  circle  1',  and  from  the  point  of  meeting  draw  a  right  line  in  the  direction  of  the  point  2',  until 
it  meets  the  circle  2',  and  so  on,  we  shall  have  a  second  broken  line  M'  B,  which  will  also  differ 
very  little  from  the  desired  trajectory,  but  which  will  be  a  little  higher  in  position,  because  its 
sides  are  normal  only  to  the  curve  which  passes  round  their  lower  extremities.  If,  then,  we  form  a 
broken  line  M'  N',  by  joining  the  middle  points  of  the  arcs  of  the  circles  intercepted  by  the  two 
lines  Wß  and  M'  a,  the  line  thus  traced  will  differ  still  less  than  the  two  preceding  from  the  curve 
we  wish  to  obtain. 

The  projection  M'  N'  of  the  trajectory,  which  is  to  serve  as  the  edge  of  the  inner  arch,  being 
obtained  by  one  of  the  above  methods,  we  can  easily  deduce  therefrom  its  horizontal  projection0; 
to  do  this,  from  the  points  at  which  M'  N'  meets  the  circles  0,  1',  2',  3',  4',  5',  we  let  fall  perpen- 
diculars to  the  base  line,  terminated  at  the  right  lines  A  B,  x  x,  y  y,  z  z,  u  u,  C  D,  horizontal 
projections  of  these  circles;  and  joining  by  a  continuous  curve  the  points  thus  determined,  we 
shall  have  the  projection  M  N  of  the  trajectory  upon  the  horizontal  plane. 

We  take  for  the  bed-joint  corresponding  with  each  edge  of  the  inner  arch  the  left  surface  formed 
by  the  normals  to  the  intrados  drawn  from  the  different  parts  of  this  line.  To  obtain  the  normal 
to  the  intrados  at  any  point  of  the  trajectory  M  N,  M'  N', — at  the  point  P,  P',  for  example, — it  will 
be  observed  that  this  normal  is  perpendicular  to  the  tangent  of  the  circle  x  x  ;  and  as  the  latter  is 
perpendicular  to  the  vertical  plane,  the  normal,  for  the  reason  already  given,  will  be  projected 
vertically  according  to  a  perpendicular  to  the  tangent  at  P'  of  the  circle  V  ;  that  is,  according  to 
the  normal  P'  Q'  to  this  circle.  Besides,  the  normal  to  the  intrados  being  included  in  the  plane 
of  the  upright  section,  it  will  be  projected  horizontally  upon  the  horizontal  tracing  of  this  section, 
that  is  to  say,  perpendicularly  to  the  axis  of  the  arch,  or  according  to  P  Q  perpendicular  to  A  C. 
We  proceed  in  the  same  way  for  all  the  other  normals  ;  the  bed-joint  is  then  determined  by  its 
rectilinear  generatrices. 

It  is  necessary  to  determine  its  intersection  with  the  extrados.  Let  D  H  E  be  the  upright 
section  of  the  intrados,  and  F  G  that  of  the  extrados,  brought  down  upon  the  horizontal  piane. 
To  get  the  point  of  junction  of  the  normal  P  Q,  P'  Q',  with  the  extrados,  we  first  draw  from  the 
point  P  a  parallel  to  the  axis  of  the  arch,  until  it  meets  at  p  with  the  section  E  H  D  ;  then,  after 
having  determined  the  horizontal  tracing  I  of  the  normal,  we  project  it  at  i  upon  D  E  ;  next  joining 
ip,  we  shall  have  the  projection  of  the  normal  upon  the  plane  of  the  right  section  ;  prolonging 
this  until  it  meets  at  q  tiie  curve  of  the  extrados  F  G  ;  draw  from  the  point  q  a  perpendicular  to 
D  E,  which  will  determine  the  point  Q  ;  then  a  perpendicular  to  X  Y,  which  will  determine  the 
point  Q\  Proceeding  in  the  same  manner  for  the  other  normals,  we  shall  obtain  the  projections 
of  the  intersections  of  the  bed-joint  in  relation  to  the  surface  of  the  extrados  ;  and  the  same  for 
the  other  bed-joints. 

Develop,  by  the  ordinary  methods,  the  surface  of  the  intrados  and  the  surface  of  the  extrados 
with  the  curves  there  traced  ;  and  we  shall  have  the  developments  of  the  panels  of  the  inner  arch, 
and  the  corresponding  panels  of  the  extrados. 

Supposing  the  arch  entirely  constructed  of  ashlar  work,  each  voussoir  would  be  shaped  by  a 
method  analogous  to  that  explained  in  treating  of  the  helicoidal  arrangement.  The  four  normals 
which  form  the  angles  of  the  voussoir  having  been  projected  upon  the  plane  of  the  right  section, 
we  have  the  projection  of  the  voussoir  upon  this  plane.  Upon  this  projection  is  constructed  an 
upright  prism,  having  for  height  the  distance  of  the  two  plane  joints;  for  example,  the  distance  of 
the  right  lines  x  x  and  y  y.  Upon  the  concave  face  of  the  cylinder  we  apply  the  panel  of  the 
inner  arch,  and  upon  the  convex  face  the  corresponding  panel  of  the  extrados;  the  two  left  joints 
will  be  shaped  by  aid  of  a  rule  extended  along  guiding  points  marked  out  beforehand  upon  each 
edge  of  the  inner  arch,  and  upon  the  curved  edge  which  corresponds  to  the  extrados.  But  more 
generally,  the  body  of  the  arch  being  constructed  of  rough  .stones,  or  of  bricks,  a  layer  of  plaster  is 
prepared  coinciding  with  the  intrados  ;  upon  this  layer  is  traced,  by  the  aid  of  the  development  of 
the  intrados,  the  orthogonal  trajectories,  between  which  it  only  remains  to  arrange  (lie  stones 
intended  to  form  the  arch.  There  will  here  be  a  little  difficulty  additional  to  that  mei  with  in  the 
helicoidal  arrangement;  the  trajectories,  although  equal  one  to  the  other,  are  Qot  equidistant, and 
it  is  necessary  in  consequence  to  vary  the  thickness  of  the  stone  employed,  according  to  the 
distance  of  the  two  curves  between  which  it  has  to  be  placed.  As  to  the  beading  voussoirs,  they 
form  a  sort  of  arch  independent  of  the  principal  arch;  it  results,  in  fact,  from  the  defective 
parallelism  of  the  edges  of  the  inner  arch  that  the  bed-joints  could  not  be  prolonged  as  far  : 
leading  planes  without  causing  in  the  size  of  the  heading  voussoirs  inequalities  which  would  bo 
displeasing  to  the  eye;  these  voussoirs  are  then  shaped  independently,  making  the  bed-joints 
normal  to  the  leading  planes.    The  shaping  of  these  voussoirs  then  presents  no  difficulty;  the 
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plane  faces  being  executed,  the  cylindrical  surfaces  are  afterwards  shaped  by  means  of  a  rule 
placed  along  guiding  points  chosen  beforehand. 

An  important  simplification  has  been  proposed  in  the  construction  of  the  arch  under  considera- 
tion, which  consists  in  replacing  the  left  bed-joints  by  the  cylindrical  surfaces  projected  by  the 
trajectories  upon  the  leading  planes,  surfaces  which  in  fact  differ  very  little  from  the  former,  and 
which  besides  possess  the  advantage  of  furnishing  only  reactions  situated  in  planes  parallel  to  the 
leading  planes,  and  in  consequence  not  affording  any  composant  perpendicular  to  these  planes  ; 
that  is  to  say,  not  giving  rise  to  a  thrust  by  increasing  the  opening.  When  the  arch  is  to  be  of 
great  length,  we  can,  as  shown  in  Fig.  1467,  arrange  the  portion  of  the  arch  comprised  between  the 
upright  sections  M  N  and  O  P  as  an  ordinary  cylindrical  arch,  and  only  employ  the  orthogonal 
arrangement  for  the  portions  ABNM  and  C  D  P  O.  But  in  place  of  using  joints  running 
parallel  to  the  heads,  we  employ  vertical  planes  which  converge,  some  towards  the  point  of 
junction,  the  right  lines  A  B  and  M  N,  and  others  towards  that  of  the  right  lines  C  D  and  O  P. 
The  edges  of  the  inner  arch  are  the  orthogonal  trajectories  of  the  vertical  sections  of  the  intrados 
thus  obtained  ;  their  tracing  is  necessarily  more  complicated.  This  system  is  that  which  is  called 
the  convergent  orthogonal  arrangement.  Its  advantages  do  not  appear  to  make  up  for  the  difficulty 
of  its  execution  and  the  ungraceful  appearance  of  the  arch. 

Parallel  Arches  in  Echellon.— Lastly,  oblique  bridges  are  formed  of  a  series  of  upright  arches, 
equal  and  parallel,  but  placed  one  behind  another  in  echellon,  as  is  shown  in  Fig.  1470,  in  horizontal 
projection.  These  arches  are  ordinary  upright  cylindrical  arches,  but  of  unimportant  length,  A  B, 
A  B,  and  so  on,  whose  centres  O,  O,  and  so  on,  are  placed  on  the  axis  of  the  oblique  arch.  They  are 
mutually  united  by  other  cylindrical  arches  M  N,  M  N,  whose  voussoirs  are  embayed  to  a  greater 
or  less  extent  in  the  thickness  of  the  principal  arches.     The  system  is  inelegant  in  appearance. 
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Oblique  Bridges  of  Timber. — Oblique  bridges  are  also  constructed  of  wood,  but  they  are  all 
formed  on  the  principle  of  the  upright  arches  in  echellon  ;  that  is,  they  are  composed  of  a  certain 
number  of  equal  and  parallel  girders  placed  in  echellon  to  one  another,  in  such  a  manner  that  their 
homologous  points  are  situated  upon  right  lines  parallel  to  the  axis  of  the  bridge,  or  the  direction  of 
the  piers.  Fig.  1471  represents  the  vertical  projection  of  a  semi-arch  of  such  an  arrangement, 
which  is  frequently  used  for  the  erection  of  a  more  permanent  structure.  Each  girder  is  composed 
of  a  horizontal  beam  a  a,  supported  by  an  upright  post  pp,  by  a  principal  rafter  j  j,  and  a  strut/. 
These  different  parts  are  united  by  hanging-braces  m,  m.  Upon  these  girders  are  placed  the  joists 
ss  ss,  which  support  the  roadway  b  b  of  the  bridge.  In  the  example  given  in  Fig.  1471,  the  number 
of  girders  is  fom*.  The  principal  difficulty  of  this  mode  of  construction  consists  in  the  method  to 
be  adopted  to  bind  together  the  different  girders,  in  order  to  form  the  whole  into  a  perfectly  solid 
system.  The  method  most  in  use  is  that  of  uniting  all  the  girders  by  horizontal  braces  M  M, 
■which  are  then  parallel  to  the  direction  of  the  piers.  But  as  the  rafters  pass  through  the  braces 
in  an  oblique  direction,  it  is  necessary  to  determine  by  a  draught  the  apertures  to  be  excavated  in 
these  braces.  Let  A  B  and  A'  B'  be,  Fig.  1472  and  1473,  the  projections  of  one  of  these  rafters,  in 
relation  to  a  horizontal  plane  passing  through  its  lowest  point  0.  It  is  necessary  to  first  fix  the 
transverse  dimensions  of  the  braces,  by  projecting  the  rafter  upon  a  vertical  plane  perpendicular 
to  the  direction  of  the  piers.  Let  C  O'  be  this  direction,  and  let  O'  X  perpendicular  to  C  0'  be  the 
near  ground  line.  Upon  the  horizontal  projection  of  the  edge  which  starts  from  the  point  C,  take 
any  point  I,  which  projects  at  K  upon  O  X  and  at  K'  upon  O'  X'.  Prolong  the  perpendiculars,  and 
take  upon  the  second  a  length  K'  H'  equal  to  the  distance  K  H,  and  join  O'  H',  which  will  be  the 
near  vertical  projection  of  the  edge  which  touches  the  point  C.  The  projections  of  the  other  edges 
will  be  easily  obtained  from  this,  in  the  manner  indicated  on  the  figure.  Having  thus  obtained, 
Fig.  1474,  the  vertical  projections  of  the  rafters  upon  a  vertical  plane  perpendicular  to  the 
direction  of  tue  braces,  we  can  deterr'  ine  the  upright  sections  M  M  of  these  braces.  Mark  the 
points  1,  2,  3,  4,  and  1',  2',  3',  4',  where  their  faces  perpendicular  to  the  new  vertical  plane,  meet 
the  edges  of  the  rafter  ;  and  project  these  points,  Fig.  1473,  upon  the  corresponding  horizontal 
projections  of  these  edges.  We  can  thus  trace  the  parallelograms  12  4  3,  and  1'  2'  4'  3'  according 
to  which  the  rafter  penetrates  the  lateral  faces  of  the  braces.  Taking,  then,  in  one  of  these  faces  a 
point  o  from  which  we  suppose  a  horizontal  parallel  to  the  direction  of  the  piers,  let  us  imagine 
the  braces  to  revolve  round  this  horizontal,  until  the  lateral  faces  of  which  we  have  just  spoken 
have  assumed  a  horizontal  position,  and  in  this  positi  n  their  different  points  to  be  projected  upon 
the  original  horizontal  plane  of  projection.  Then,  from  the  summits  of  the  parallelograms  1,  2,  3,  4, 
and  1',  2',  3',  4\  let  fall  perpendiculars  upon  the  direction  of  the  edges  of  the  braces.     Marking, 
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Fig.  1475  the  intersections  of  these  perpendiculars  with  the  perpendiculars  to  ox  which  answer  to 
the  same  figures,  we  shall  obtain  the  upper  and  lower  tracings  of  the  apertures  we  wish  to  determine 
such  as  will  have  to  be  drawn  on  the  faces  of  the  braces  when  executing  these  aperture«*  Onlv  it 
must  be  observed,  that  as  a  consequence  of  the  rotatory  movement  imparted  to  the  braces  it  is 
the  upper  one  which  is  placed  to  the  right  in  Fig.  1475,  and  the  lower  one  which  is  placed  to  the 
left.  \\  e  may  proceed  in  the  same  manner  for  the  other  apertures,  but  it  will  be  noticed  that 
they  have  their  faces  parallel,  and  this  will  much  shorten  the  operation. 

1472.  1474> 


In  place  of  uniting  the  rafters  one  to  another,  the  ùanging-braces  are  sometimes  connected  by 
horizontal  ones.  This  arrangement  would  give  rise  to  operations  analogous  to  the  preceding. 
Occasionally  a  direction  differing  from  the  horizontal  has  been  given  to  the  braces  uniting  the 
different  beams. 

Timber  Bridge  Construction. — The  roadway  of  these  temporary  structures  rests  upon  several  girders, 
generally  equidistant.     The  interval  between  two  consecutive  points  of  support  is  called  a  space. 

The  arrangement  of  the  girders  varies  considerably  ;  we  shall  only  deal  with  the  systems 
mostly  used. 

Where  the  interval  between  two  consecutive  points  of  support  does  not  exceed  5  mètres,  ti  io 
girders  are  simply  horizontal  beams  laid  upon  these  supports,  and  it  is  on  these  beams  thai  are 
placed  transversely  the  cross-beams  which  sustain  the  roadway  and  the  pavement.  If  the  interval 
is  to  be  from  5  to  8  mètres,  supplementary  beams  A  A,  Fig.  1476,  projecting  2  mètres  on  each  side 
and  supported  by  struts//,  are  laid  upon  the  piles.  Fig.  1476  also  shows  the  heads  m  m  of  the 
horizontal  braces  uniting  the  stakes  which  form  the  pile,  and  the  head  M  of  the  horizontal  piece 
of  timber  forming  the  cap  of  the  pile. 


In  the  case  of  intervals  of  8  to  12  mètres,  a  second  row  of  struts  /'/',  Pig.  1  1 77.  Ifl  added,  abutting 
upon  another  supplementary  beam  B,  placed  in  the  middle  of  the  interval,  if  tinse  secondary 
struts  have  a  length  exceeding  twelve  times  their  breadth,  they  arc  supported  by  hanging-brace« 
a  a,  which  are  themselves  united  from  one  girder  to  another  by  horizontal  braces  ml  m'. 
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For  greater  intervals  several  stages  of  struts  or  rafters  united  one  to  another  by  vertical 
hanging-braces  may  be  employed.  When  the  interval  is  of  considerable  length,  beams  bound 
with  iron  are  employed.  The  bridge  at  Wittingen,  over  the  Limmat,  forming  a  single  span  of 
118m-90,  is  cited  as  the  most  remarkable  instance  of  this  kind  of  construction:  it  is  composed  o? 
several  stages  of  armed  beams,  united  by  vertical  hanging-braces,  and  supported  by  several 
systems  of  struts  or  rafters  of  different  inclinations,  the  lowest  of  which  is  an  armed  beam.  _ 

In  the  several  cases  just  indicated,  the  dimensions  of  a  beam  are  calculated  as  if  it  were 
simply  placed  upon  supports.  The  total  weight  for  one  interval  of  the  roadway  and  pavement  is 
calculated,  and  dividing  by  the  number  of  beams,  we  have  the  weight  uniformly  diffused  over  the 
length  of  a  beam.  If  the  bridge  is  exposed  to  considerable  and  varying  loads,  these  must  be  taken 
into  consideration  :  such  are,  upon  an  ordinary  load,  the  passage  of  a  vehicle  representing  a  weight 
of  6000  kilos.  ;  or  upon  a  railway,  the  passage  of  a  locomotive  weighing  60,000  kilos.,  which  gives 
30,000  kilos,  for  each  beam,  as  one  is  ordinarily  placed  under  each  rail.  Let  a  be  the  length  of 
the  span,  p  the  weight  a  linear  mètre,  P  the  weight  accidentally  applied  at  the  middle  of  the 
span,  we  must  reconcile  the  two  equations 

and        B  =  l(¿pdi+.¿P.).¿(Í^  +  ÍPa),  [2] 

calling  b  the  horizontal  dimension  of  the  upright  section  of  the  beam,  and  k  its  vertical  dimension. 
We  will  take  E  equal  at  most  to  600,000  for  oak,  or  800,000  for  deal,  say,  60  kilogrammes  the 
square  centimètre  in  the  first  case,  and  80  kilogrammes  in  the  second  ;  find  the  proportion  of 
h  to  6,  and  deduct  A  from  these  two  formulée  ;  the  greater  of  the  two  values  then  obtained  must 
be  adopted.  We  can  then  estimate  the  weight  of  the  beam  to  introduce  it  into  p,  and  calculate  a 
nearer  value  for  h. 

When  the  same  beam  forms  several  spans,  or  even  the  total  lengtn  of  a  bridge,  it  is  considered 
as  a  piece  of  timber  placed  upon  supports,  corresponding  to  the  piers  of  the  abutments.  We  thus 
determine  the  moment  of  flexion  corresponding  to  each  point  of  support,  and  next  the  moment  of 
flexion  on  any  given  point  of  the  beam,  the  maximum  of  this  moment,  and  by  consequence  the 
transverse  dimensions  of  the  beam.  For  the  same  calculations  we  deduce  the  reactions  of 
the  supports,  and  on  the  other  hand  the  load  sustained  by  these  supports,  whence  we  obtain  the 
dimensions  of  the  piles. 

The  dimensions  of  the  divisions  of  the  bridge  must  be  calculated  in  the  «ame  way  as  for  a  por- 
tion of  timber  placed  upon  a  certain  number  of  supports,  which  are  here  the  beams,  loaded  with  a 
weight  uniformly  diffused,  and  also  with  a  weight  applied  at  the  middle  of  the  interval  between 
two  beams,  representing  the  movable  load  caused  by  the  passage  of  a  vehicle.  But  as  this  calcu- 
lation is  a  very  long  one,  a  more  rapid,  but  less  exact  method  is  preferred.  The  dimensions  of  the 
portion  of  the  bridge  are  calculated  :  1st,  as  if  the  part  of  this  portion  comprised  between  two 
beams  formed  an  isolated  portion  placed  on  two  supports  ;  2nd,  as  if  it  were  let  into  the  two  points 
of  support.     In  the  first  case  the  maximum  of  the  moment  of  flexion  is  given  by  the  formula 

¡x  =  — po2  +  -Pa;  calling  a  the  distance  between  two  beams,  p  the  weight  uniformly  spread 

o  4 

over  each  portion  of  the  bridge,  and  P  the  movable  load;  in  the  second  case  we  should  have 

The  mean  of  the  values  of  fi  given  by  these  two  formuli©  is  adopted.  When  the  bridge  has  to 
support  occasionally  only  the  weight  of  a  wagon  not  exceeding  4000  kilogrammes,  the  divisions  of 
the  bridge  may  be  0m  '  50  distant  from  one  another  ;  if  the  accidental  load  will  be  greater,  they  must 
be  placed  nearer  together.  But  it  is  well  to  observe  that  when  only  a  momentary  load  is  in  question, 
wood  can  be  made  to  support  a  greater  tension  than  that  which  we  have  indicated  above,  and 
that  it  is  allowable  to  increase  it  then  to  100  or  120  kilogrammes  the  square  centimètre. 

To  calculate  the  dimensions  of  the  struts,  suppose  each  beam  placed  upon  the  supports  which 
are  formed  by  the  extremities  of  the  piles  and  the  struts,  and  determine  the  reactions  of  these  points 
of  support  ;  for  struts  analogous  to  that  which  abuts  on  the  point  A,  Fig.  1477,  we  take  the 
resultant  of  the  reaction  lengthwise  to  this  piece  of  timber.  It  will  be  necessary  that  this  resultan^ 
divided  by  a  transverse  section  of  the  strut,  should  give  a  quotient  equal  at  most  to  60  or  80  kilo- 
grammes the  square  centimètre,  according  to  the  kind  of  wood  employed  ;  for  struts  such  as  those 
abutting  on  the  point  B,  we  should  distribute  the  reaction  in  the  direction  of  the  strut,  and  in  a 
horizontal  direction  ;  and  make  use  of  these  two  resultants,  to  determine  in  the  same  way  the 
transverse  dimensions  of  the  strut  and  the  underlying  beam. 

For  bridges  of  great  extent,  there  has  been  employed  in  France  for  fifty  years,  a  system  in 
which  the  beams  and  the  roadway  are  sustained  by  an  arch  formed  of  a  certain  number  of  curved 
rafters,  bound  together  by  iron  straps,  and  united  to  the  roadway  by  hanging-braces  in  a  direction 
normal  to  the  arch.  Fig.  1478  represents  one  division  of  the  bridge  of  Ivry-sur-Seine  constructed 
on  this  plan  by  M.  Emmery.  The  arch  has  a  chord  of  22m,50,  and  a  versed  sine  of  3m,48.  The 
roadway  rests  directly  on  the  crown  of  the  arch,  and  the  beams  are  hollowed  out  to  accord  with  this 
arch.  The  weight  of  the  roadway  is  also  transferred  to  the  arch  by  means  of  braces.  The  girders 
are  fastened  one  to  another,  not  only  by  horizontal  braces  parallel  to  the  axis  of  the  bridge,  but 
also  by  horizontal  slanting  beams  which  assist  in  counteracting  the  effects  of  the  wind  on  the 
whole  system. 

To  calculate  the  transverse  dimensions  of  the  arch  exactly,  it  would  be  necessary  to  consider 
the  roadway  as  placed  upon  the  hanging-braces,  to  determine  the  reactions  of  these  supports,  to 
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take  these  in  a  contrary  sense  to  get  the  reactions  of  the  braces  upon  the  arch,  and  determine  the 
normal  component  of  these  ;  we  should  thus  have  the  forces  which  act  upon  the  arcli  inde- 
pendently of  its  weight.  But  we  can  obtain  sufficiently  approximative  results  by  considering 
the  weight  of  the  roadway  as  uniformly  spread  over  the  horizontal  projection  of  the  arch.    Id  the 

case  we  are  dealing  with,  the  formula  b7i2  =  —(-  +  p~  \  is  generally  used,  in  which  b  is  the 

transverse  dimension  of  the  arch  in  a  horizontal  direction,  h  its  thickness  vertically,  P  the  total 
weight  of  the  bridge,  p  the  mean  radius  of  the  arch,  a  the  length  of  the  arc  with  a  radius  1 
similar  to  the  arch  under  consideration,  and  E  a  coefficient  which  it  is  convenient  to  take  as 
equal  to  300,000. 


C^^v- 


Constructors  employ  a  still  more  simple  method,  which  gives  results  sufficiently  near.  It 
consists  in  regarding  the  proposed  arch  as  the  arc  of  a  parabola,  loaded  with  weights  proportional 
to  the  horizontal  projection  of  its  elements.  Let  O  M,  Fig.  1479,  be  a  portion  of  the  arch  com- 
puted from  the  vertex.  Let  us  take  for  the  axis  of  x  the  tangent  to  the  vertex,  for  the  axis  of  y 
the  axis  of  the  curve.  Draw  the  tangent  to  M,  and  by  a  known  property  of  the  parabola  this 
tangent  will  cut  O  X  in  the  middle  I  of  the  abscissa  O  N  of  the  point  M.  Let  M'  be  a  point 
infinitely  near  to  the  point  M  ;  draw  the  horizontal  M  H  and  the  vertical  M'  H.  The  arch  O  M  is 
in  equilibrium,  under  the  action  of  the  weight  P  (borne  by  the  arc  and  which  passes  through  the 
middle  I  of  O  X),  of  the  tension  Q  exercised  at  O  in  the  direction  O X,  and  the  tension  T  which 
is  exercised  at  M  in  the  direction  M  I.  These  three  forces  are  then  proportional  to  the  three  sides 
of  the  triangle  M I N,  or  of  the  triangle  M  M' H,  which  is  similar  to  it.     We  have  then 

M'  H  _  P        d y  _px 

I"H  ~  Q  °r  Jx'  ~   Q  ' 
designating  by  P  the  weight  a  linear  mètre  supported  by  the  arch.     Integrating,  and  observing 


Th 


that  for  x  =  0  we  should  have  y  =  0,  we  obtain  for  the  equation  of  the  curve  y  =  — — - 

equation  must  be  completed  by  the  co-ordinates  of  the  spring  ;    if  the  a   is  the  semichord  of 

P 
the  arch  and  /  its  versed  sine,  we  should  have  /  =  — =-  a2,  whence 


2Q 


Q  =  ^ 


We  shall  next 


havi 


t  =  v  p2  +  q2  =  v7^*2 +£?L=P\/  x*  +  Zj. 


2/ 

The  maximum  of  T  answers  to 


and  has  for  its  value  T  =  p 


aV  1 


+ 


■if 


Tills  maximum  value  will  serve  to  determine 


the  transverse  dimensions  of  the  arc. 

The  arch  being  supposed  to  resist  only  by  compression,  it  will  be  necessary  that  the  maximum 
tension  T  divided  by  the  area  of  the  transverse  section  should  give  a  quotient  at  most  equal  to 
60  kilogrammes  the  square  centimètre  for  oak,  or  SO  kilogrammes  for  deal.  Calling  b  the  hori- 
zontal dimension  and  h  the  vertical  dimension,  wo  shall  have  —  ,-  =  0  6.     If  we  take  the  milli- 

T 
mètre  for  unity,  we  shall  obtain  b,  and  deduce  h  =  _   _,  . 

0"u  b 
For  some  years  there  have  been  constructed  in  America  timber  bridges  on  an  entirely  different 
system.  They  were  invented  to  enable  railways  to  pass  aerosa  considerable  streams  of  water,  aa 
we  have  before  stated  and  illustrated.  They  are  called  tiotfj^bridges,  Because  they  have  exactly 
the  appearance  of  trellis-work.  Fig.  1480  represents  a  portion  of  a  bridge  of  this  kind  construct  a 
at  Eichmond,  U.S.,  on  the  system  of  Town.  The  girders,  which  are  5"'  Ì21S  in  height,  are  formi  d 
of  thick  planks  arranged  trelliswise,  applied  flat  without  being  let  into  each  other,  and  joined  by 
oak  pegs.  They  are  united  by  several  courses  of  braces,  horizontal  as  regards  the  l<  Qgth  of  the 
bridge,  and  by  a  certain  number  of  vertical  braces.  Two  equal  guides  are  fastened  together  00 
each  side  of  the  bridge.  These  two  girders  leave  between  them  an  interval  of  3m  "20.  They  are 
joined  above  and  below  by  cross-beams,  the  intervals  between  which  are  filled  by  diagonal  work. 
Other  diagonals,  placed  vertically  according  to  the  transverse  sections,  complete  the  protection  of 
this  system  against  the  wind.  The  exterior  sides  are  covered  with  planks  to  secure  the  construction 

3  B 
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against  the  effects  of  the  weather,  as  is  shown  on  the  right  side  of  the  figure, 
space  of  rectangular  section. 

To  appreciate  the  resistance  of  snch  a  construc- 
tion, we  may  consider  each  girder  as  a  solid  placed 
upon  two  supports,  loaded  with  a  weight  uniformly 
diffused,  and  with  a  load  equal  to  the  weight  of  two 
locomotives  applied  in  the  middle  of  the  span.  But 
as  the  openings  here  form  about  two-thirds  of  the 
total  volume,  it  is  advisable  to  reduce  to  one-third 
the  coefficient  E  of  the  resistance,  that  is,  to  20  kilos, 
a  square  centimètre  for  oak,  or  27  kilos,  for  deal. 
Designating  by  K'  the  coefficient  thus  reduced,  by 
p  the  weight  of  the  bridge  the  linear  mètre,  by  P 
the  road  applied  in  the  middle  of  the  span,  by  a  the 
length  of  the  span,  by  b  the  total  thickness  of  all 
the  traces  in  a  horizontal  direction,  and  by  h  the 
height  of  each  girder,  we  shall  have  to  apply  the 


This  forms  a  lorn 


formula  already  used,  E' 


-(- 


F2  +  7P 


•) 
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W.  Presse,  in  his  course  of  "  Applied  Mechanics,"  has 
endeavoured  to  estimate  in  a  more  precise  manner  the 
shock  supported  by  each  of  the  pieces  composing  these 
girders  or  beams  of  trellis-work.     He  considers  first 
the  simplest  case  to  which  the  system  would  be  re- 
duced, as  shown  in  Fig.  1481,  to  two  courses  of  in- 
clined rails,  ABCD....A'B'C'D'....  jointed 
with  inclined  ties  A  A',  BB',  CC',DD'.  .  .  .  on  the 
one  hand,  and  A'  B,  B'  0,  C  D,  on  the  other  :  and 
he  supposes,  in  the  first  place,  that  the  beam  thus 
defined  supports  only  a  single  weight  2  P  applied 
in  the  centre.     It  follows  at   once  that  the   beam 
receives  from  the  abutment  on  the  pier  upon  which 
it   rests  a   vertical  reaction   P  applied  at   its  ex- 
tremity A.     Let  a  be  the  acute  angle  which  the  inclined  rails  make  with  the  vertical.     There 
must  then  be  equilibrium  between  the  force  P  applied  at  A  and  the  tensions  or  pressures  of  the 
ties  AB  and  A  A';  it  is  then  easily  seen,  by  the  parallelogram  of  forces,  Fig.  1350,  that  the  rail 
A  A'  undergoes  a  pressure  equal  to  P  tan.  a  ;  and  that  the  rail  A  A'  undergoes  a  pressure  equal  to 

p 
■  •     If  we  next  consider  the  equilibrium  of  the  point  A',  we  find  by  the  same  means  that  the 


forces  exercised  in  the  direction  A'  B  and  in  the  direction  of  the  prolongation  of  A  A'  must  be 

P 
equal  :   and  that  the  tension  of  A'  B'  has  for  its  value  2  sin.  a.  or  2  P  tan.  o.     The  equi- 

u  cos.  a 

librium  of  the  point  B  shows,  on  projecting  the  forces  vertically,  that  the  pressures  of  A'  B  and 
B  B'  are  equal  ;  and  on  projecting  them  horizontally,  that  the  tension  of  B  C  is  equal  to  P  tan.  a  -f 

sin.  a,  that  is,  to  3  P  tan.  a.     Adopting  the  same  method  with  the  point  B',  we  find  that 


cos.  a 
the  pressure  of  B'  C  is  equal  to  that  of  B  B',  and  that  the  tension  of  B'  C  has  for  its  expression 

2  P  tan.  a  +  2  sin.  a,  that  is,  4  P  tan.  a.  Continuing  thus,  we  find  that  all  the  ties  support 


pressures  equal  to 
P  tan. 


;  that  the  lower  horizontal  ties  support  successive  tensions  expressed  by 

COS.  a  rr  w 

3  P  tan.  a,  5  P  tan.  a,  7  P  tan.  a,  and  so  on  ;  and  the  upper  horizontal  ties,  tensions 
expressed  by  2  P  tan.  a,  4  P  tan.  a,  6  P  tan.  a,  8  P  tan.  or,  and  so  to  the  middle  of  the  span. 
Starting  from  this  point,  the  same  tensions  are  reproduced  in  inverse  ratio  because  of  the  sym- 
metry of  the  arrangement.  If  the  number  of  the  lower  horizontal  ties  is  equal,  it  is  the  middle  tie 
which  will  undergo  the  greatest  tension,  and,  calling  2  n  +  1,  the  total  number  of  these  lines,  the 
maximum  tension  will  be  expressed  by  (2  n  +  1)  P  tan.  a.  If  the  number  of  the  lower  horizontal 
ties  is  equal,  the  upper  horizontal  tie  occupying  the  centre  will  undergo  the  greatest  tension,  and 
if  2  n  is  the  number  of  the  lower  ties,  this  maximum  tension  will  be  expressed  by  2  n  P  tan.  o. 

In  the  second  place,  the  case  in  which  the  trellis-work  beam  would  be  loaded  with  a  weight  2p 
at  each  of  the  intermediate  joints,  B,  0,  D,  and  so  on,  of  the  lower  course  of  braces.  If  n  is  the 
number  of  these  intermediate  joints,  np  represents  the  vertical  reaction  which  is  exercised  at  the 
point  A.  Considering,  step  by  step,  the.  equilibrium  of  the  upper  and  lower  points  of  junction,  we 
arrive  at  the  following  conclusions  : — 

1st.  The  sides  parallel  to  A  A'  undergo  pressures,  having  successively  for  their  value 

(n  —  2)  p     (n  —  é)p     (n  —  6)p 

i LL  ,  \ LE. ,   i -  ,  and  so  on. 

COS.  a  COS.  a  COS.  a 

2nd.  Two  inclined  ties  abutting  at  the  same  point,  are,  the  one,  compressed,  the  other  extended, 
by  the  same  intensity. 

3rd.  The  pressures  of  the  upper  ties  aro  represented  by  the  values,  2  np  tan.  a,  4  (w  —  Y)p  tan.  a, 
6  (»  —  2)  p  tan.  a,  8  (n  —  3)  p  tan.  a,  and  so  on. 

4th.  The  tensions  of  the  lower  horizontal  ties  are  expressed  by  np  tan.  a,  [n  +  2  (n  -  l)]p  tan.  a, 
[n  +  4  (n  —  2)]  p  tan.  o,  [n  +  6  (n  —  3)]  p  tan.  a,  and  so  on. 


np 
cos.  Í 
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Calling  i  the  position  of  a  horizontal  tie  in  each  of  these  series,  we  have  for  the  pressure  of 
an  upper  tie,  2  i  (n  -  i  +  1)  p  tan.  a,  and  for  the  tension  of  a  lower  tie, 
[n  +  2  (i  —  1)  (n  —  i  -f-  1)]  £>  tan.  a. 
n  -4-  1 
The  maximum  of  the  first   expression  answers  to  i  =  — - — ,  and  that  of  the  second  to 

2t 
n  +  2 
i  —  — —  ;   if  these  terms  are  not  integers,  the  maximum  will  not  be  produced  exactly,  but 

approximately,  although  n  may  be  a  large  number,  as  is  ordinarily  the  case.     We  find  the  value 

of  the  maximum  to  be  —  p  tan.  a  (n  +  l)2  in  the  first  case,  and  -  p  tan.  o  [(»  +  l)2  —  1]  in  the 

2  2 

second.     So  that,  calling  "N"  the  number  of  times  that  A  B  is  contained  in  the  length  of  the  span, 

the  maximum  of  pressure  or  tension  of  the  horizontal  ties  is  expressed  by  —  p  N2  tan.  a. 

There  have  been  constructed  in  Bavaria  timber  bridges  differing  from  the  American  system 
only  in  that  the  joints  of  all  the  pieces  of  woodwork  are  united  by  cast-iron  sockets,  and  the  girders 
enter  the  abutments,  hollowed  out  for  this  purpose. 

In  America  there  has  also  been  applied  another  system  founded  on  the  use  of  curved  arches. 
Such  is  the  bridge  at  Trenton  over  the  Delaware,  partially  represented  in  Fig.  1482.  The  girders 
are  five  in  number  ;  in  each,  the  principal  part  is  an  arc  of  a  circle  formed  of  eight  planks  super- 
posed ;  it  rests  at  its  extremities  upon  the  piers,  and  supports  the  roadway  by  means  of  suspending 
iron  bars.  The  arch  is,  besides,  united  to  the  roadway  by  pendant  ties  inclined  at  an  angle  of  45°. 
All  the  woodwork  is  covered  by  a  roof,  and  sheltered  laterally  by  planks.  The  arches  of  two  suc- 
cessive spans  abut  against  each  other  by  means  of  woodwork  raised  upon  the  pier  and  elevated  to 
two-thirds  of  the  height  of  the  arches. 

Lastly,  there  has  been  constructed  at  Liep,  York  county,  a  bridge  of  the  same  kind,  but  in 
which  the  roadway,  in  place  of  forming  the  chord  of  an  arc,  is  placed  at  mid-height  between  the 
chord  or  the  vertex  ;  so  that  the  roadway  is  suspended  underneath  the  upper  portion  of  the  arch, 
whilst  it  rests  upon  its  lower  portion.  This  system,  in  which  the  bridge  forms  a  girder,  appears 
to  offer  more  resistance. 

1483. 


Stone  Bridges. — After  the  water-way  has  been  fixed,  we  have  to  determine  the  dimension  and 
the  form  of  the  arches. 

There  is  a  very  simple  relation  between  the  span  of  a  segmental  arch,  its  height  or  versed 
sine,  and  the  radius  of  the  circle  to  which  the  arc  belongs.  If  2  c  represents  the  span,  or  the  chord 
A  B,  Fig.  1483,  of  the  arc,  /  the  versed  sine  H  C,  and  R  the  radius  O  A,  the  semichord  A  C  being 
a  mean  proportional  between  the  two  segments  of  the  diameter  to  which  it  is  perpendicular,  we 

have  e~  A-  f2 

c2=/(2B-  /),  whence  R  =     J  /    .  [1] 

If  we  wish  to  have  the  semi-arc  A  H  in  degrees,  or  the  angle  of  the  centre  A  O  H,  wo  observe 

AC        c 
that  it  has  for  its  sine  the  proportion  — —  or  —  ;  designating  the  angle  by  a,  we  have  then 

A  (J        K 


2/< 


+  f 


1  +  4,- 


[21 


It  is  not  usual  to  give  to  the  proportion  -  a  lower  vaino  than  -,  which  supposes  a  height  equal 

to  \  of  the  span,  and  gives  sin.  a  =  28°  4'  20",  or  thereabouts.     However,  in  exceptional  ca  i    . 

this  proportion  has  sometimes  been  reduced  to  -  or  -  • 

The  bridge  of  Solferino  is  an  example  of  the  form  adopted  in  the  early  construction  of  iron 
bridges.  The  arches,  Fig.  1484,  have  a  span  of  40  mètres,  and  a  height  of  4»'02.  They 
are  formed  of  cast-iron  voussoirs,  of  open  work  in  the  leading  arches  and  solid  in  the  intermeduite. 
The  figure,  1485,  represents  the  elevation  and  the  transverse  section  of  the  firsi  ronssour  of  an 
intermediate  arch.  It  will  be  seen  that  the  section  represents  a  double  X,  with  B  «•■  otra]  rib.  I  he 
pediment,  that  is  to  say,  the  space  comprised  between  the  arch  and  the  roadway,  is  filled  up  by 
open-work  plates  of  a  trapezoidal  form.     Fig.  1486  represents  one  of  these  plates. 

3  b  2 
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The  girders  are  united  one  to  another  by  three  systems  of  cross-joints,  placed,  some  above  the 
ribs  of  the  intrados,  others  below  it,  and  others  upon  the  ribs  which  form  the  crown  of  the  pediment. 
These  latter  cross-joints,  at  a  distance  of  lm*30,  also  serve  to  sustain  arches  of  brick  and  Koman 
cement,  upon  which  the  roadway  and  the  side-walks  are  erected.    In  this  system  of  arches  formed  of 


1484. 


1485. 


14S6. 
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voussoirs,  the  casting  is  only  subject  to  compression  ;  the  only  portions  exposed  to  extension  are 
the  cross-joints,  but  as  they  are  few  in  number  they  may  be  executed  in  wrought  iron.  The  pres- 
sures to  which  the  voussoirs  are  subject  can  be  calculated  as  for  stone  arches.  But  the  inequalities 
of  the  load  are  of  much  greater  importance  here  than  in  stone  bridges.  Supposing  that  one  half  of 
the  span  bears  the  maximum  load  of  400  kilos,  a  square  mètre,  whilst  the  other  only  supports  its 
own  weight,  we  can  determine  on  this  hypothesis  the  direction  and  intensity  of  the  thrust  on  the 
key.  Let  P  and  P',  Fig.  1487,  be  the  weights  supported  by  the  two  halves,  H  the  point  of  applica- 
tion of  the  reaction  N  of  the  two  halves  of  the  arch,  and  B  C  the  oblique  direction  of  this  reaction. 
We  let  fall  from  the  springs  A  and  A',  upon  this  direction,  the  perpendiculars  A  C  and  A'  C,  and 
erect  the  verticals  A  B  and  A'  B'.  Let  p  and  p'  be  the  distances  of  the  forces  P  and  P'  from  the 
points  A  and  A'.  We  shall  have  for  the  equilibrium  of  the  first  half  of  the  arch  the  formula 
NxAC^Pjj,  and  for  the  equilibrium  of  the  second  half  NxA'C'=  P'i5'?  whence  dividing 

A  O       P  v 
member  by  member,  =  —f—t .     But  the  triangle  ABC  and  A'  B'  C  being  similar,  the  first 

A  \j        P  p 

term  may  be  replaced  by  the  proportion  of  AB  to  A' B',  which  gives  =        ,  ,  whence 

Now,  calling  H  the  height  I H,  we  have  AB  +  A'B'  =  2H,  con- 


AB  +  A'B'      Fp  +  F'p'' 
sequently  there  results  A  B  =  2  H 


Vp 


from  which  we  can  obtain  the  direction  of  the  force 


1488. 
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vp  +  py  • 

N,  next  the  distance  A  C,  and  ultimately  the  intensity  of  the  thrust  N. 

The  most  remarkable  example  of  a  bridge  with  straight  iron  beams  is  the  Britannia  Bridge, 
constructed  in  1850  over  the  Menai  Straits,  by  Kobert  Stephenson,  on  the  Chester  and  Holyhead 
Kailway.  This  bridge  traverses  an  arm  of  the  sea  at  33  mètres  above  high  water,  by  means  of 
four  spans,  of  which  two  are  not  less  than  140  mètres  long.  This  bridge  has  the  form  of  a  long 
tube,  with  a  rectangular  section  of  9m,144  in  height  by  4m  50  in  breadth.  Its  upper  casing 
wall  is  itself  formed  of  eight  equal  tubes,  fastened  one  to  another,  of  a  square  section  of  0m,533  a 
side,  and  its  flooring  is  formed  of  six  similar  tubes  0m,533  high  by  0m,711  wide.  The  lateral 
walls  are  solid,  and  united,  both  above  and  below,  by  triangular  brackets  lm,22  high  by  0m-533 
wide.  Since  the  completion  of  this  work,  about  which  an  immense  amount  of  nonsense  has  been 
written,  bridges  with  beams  of  iron  plating  have  multiplied  con- 
siderably. In  bridges  of  small  dimensions  the  beam  is  composed 
of  a  long  plate  of  sheet  iron,  made  fast  at  top  and  bottom  by  angle- 
iron  ;  Fig.  1488  gives  the  section  of  this  beam.  It  is  strengthened 
from  distance  to  distance  by  transverse  plates  having  the  same 
height  as  the  beam,  and  towards  the  top  the  same  width  as  the 
upper  plate,  while  towards  the  bottom  they  are  of  greater  width. 
This  form  is  represented  by  the  dotted  lines  on  Fig.  1488.  In  the 
more  important  bridges,  the  beam  is  a  tube  with  a  rectangular 
section,  formed  of  four  plates  of  iron  held  together  by  angle-iron. 
Fig.  1489  is  the  section  of  a  beam  of  this  kind.  The  arrangement 
of  these  beams  has  been  varied  in  many  ways,  those  just  described 
are  the  most  generally  used.  On  railways,  beams  analogous  to  that 
of  Figs.  1488,  1489.  are  ordinarily  placed  above  the  roadway  which 

rests  on  the  lower  ribs  ;  these  beams  are  three  in  number,  and  the  trains  pass  along  the  spaces 
between  them.     It  follows,  when  the  bridge  is  of  large  dimensions  and  the  beams  consequently  of 
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great  height,  that  the  prospect  is  completely  shut  out  when  passing  over  rivers,  that  is  at  the 
most  picturesque  parts  of  the  way.  To  obviate  this  inconvenience,  the  German  engineers  have 
endeavoured  to  replace  the  solid  walls  of  the  beams  by  walls  of  trellis-work  ;  but  this  system,  in 
which  one  of  the  sets'  of  bars  forming  the  trellis  is  elongated  while  the  other  is  compressed,  docs 
not  afford  sufficient  solidity. 

To  determine  the  transverse  dimensions  of  straight  beams,  they  are  considered  as  prismatic 
bodies  placed  upon  two  supports,  loaded  with  a  weight  uniformly  diffused,  and  with  a  load  applied 
at  the  centre.  If  p  designates  the  weight  a  mètre  uniformly  diffused,  P  the  load  applied  at  the 
middle  of  their  extent,  x  the  length  of  this,  R  the  limit  of  tension  which  must  not  be  exceeded, 
A  the  height  of  the  bridge,  and  I  the  moment  of  inertia  of  its  upright  section  in  relation  to  the 
horizontal  drawn  in  this  section  through  its  middle,  or,  more  exactly,  through  its  centre  of  gravity, 

we  shall  have  to  apply  the  empirical  formula  R  =  —  l-pa?  +  --Pa\.     But  it  is  necessary  to 

observe  here  that,  as  in  the  case  of  timber  bridges,  if  the  load  is  the  weight  of  two        usw. 
locomotives  crossing  at  the  middle  of  the  interspace,  as  this  is  an  exceptional  load,   a  ^  ^  ^^ 
we  may  admit  that  the  plates,  in  place  of  only  having  to  support,  as  ordinarily  sup- 
posed, about  -^  of  the  tension  corresponding  to  its  limit  of  elasticity,  momentarily 
supports  ì  ;  that  is,  in  place  of  taking  for  R  6  kilos,  a  square  mètre,  we  should  take 
12  kilos. 

In  arched  metal  bridges,  the  beams  which  sustain  the  flooring  are  ordinarily  of  cast 
iron,  in  the  shape  of  a  double  7".  But  sometimes  it  is  required  that  the  resistance  should 
be  the  same  in  all  the  transverse  sections,  at  least  over  a  certain  extent,  starting  from 
the  key.  To  this  end,  the  distance  between  the  internal  edges  of  the  ribs  is  made 
to  vary.  If,  for  example,  A  stands  for  the  distance  between  the  ends  A  and  C,  Fig.  1490, 
6  the  distance  between  the' points  A  and  B,  A'  the  distance  between  the  points  A'  and 
C,  and  b'  twice  the  distance  A'  I,  A'  is  made  to  vary  in  such  a  manner  that  the  resist-  c 
ance  caused  by  the  weight  uniformly  diffused  may  be  the  same  for  each  section  within  ^ 


~^~~¡ 


value  of  /a,  R  =  -—  —  -—^ ttttt  «  a  f°rmula  which  will  give  the  values  of  h'  corresponding  to 


certain  limits. 

Let  p  be  the  weight  uniformly  diffused,  and  a  the  length  of  the  interspace  ;  each  point  of 

support  will  exercise  a  reaction  equal  to  -^-pa;  the  moment  of  the  forces  which  act  upon  this 

space,  from  the  point  which  has  for  its  abscissa  x,  computed  from  one  of  the  extremities  as  far  as  the 

other  extremity,  will  have  for  value  ¡x  =  p(a  -  #)  —  (a  —  x)  =  -  —  p  a  (a  -  x)  ;  or  ¡x  =  -  p(ax  —  a;2)' 

The  moment  of  inertia  of  the  section  in  relation  to  the  horizontal  passing  through  its  centre  of 

gravity  is  besides,  according  to  an  empirical  formula,  1  =  —  (6  A3  —  b'  A'3)  ;  finally,  the  ordinate 

of  the  most  distant  rib  from  the  axis  is  v  —  — -  A. 

Calling  R  the  limit  of  tension  not  to  be  exceeded,  we  shall  then  have,  taking  only  the  absolute 

v  ¡x       b  p  {a  x  —  x-) 

T  =     6  Ifi  -  b'  A'3 

the  values  of  x.  But  as  it  is  not  necessary  that  the  thickness  A  A  should  be  less  than  the  thick- 
ness of  the  vertical  nucleus,  as  soon  as  A'  has  attained  the  value  that  is  given  for  this  thickness, 
we  cease  adding  to  A',  and  diminish  A  as  far  as  a  limit  fixed  beforehand.  On  the  Auteuil  railway, 
for  instance,  we  have,  according  to  M.  Claudel, 

p  =  1600k,A  =  0m'60.  6  =  0m  28,  b'  =  0^-2G,  a  =  8  mètres; 
and,  taking  R,  for  want  of  better  knowledge,  as  equal  to  6,000,000,  we  find  the  value  of  x  corre- 
sponding to  the  key,  that  is  for  x  =  —ah-  0^-52,  which  will  give  0m*  08  for  the  thickness  of  the 

u 

two  united  ribs,  or  0TOi01  for  each  of  them.  We  find  that  for  x  =  lm*44  (about),  the  thickness  of 
each  rib  is  reduced  to  0m>02,  which  is  the  thickness  of  the  nucleus;  h  and  h'  are  then  diminished 
by  an  equal  quantity  without  decreasing  the  thickness  of  the  rib,  until  wo  reach  A  =  0m-J0,  the 
limit  of  height  fixed  beforehand. 

The  cross-bars  are  also  ordinarily  of  a  double  f  section.  On  the  Auteuil  railroad  we  have 
a  =  2m,  h  =  0m-30,  b  =  0m*20,  6'  =  0:n-188,  whence  we  deduce  0m*01J:  for  the  thickness  of  the 
nucleus  and  the  ribs. 

Suspension  Bridges. — The  first  consideration  in  suspension  bridges  is  to  determine  the  geo-- 
metrical  position  of  the  angles  of  the  polygon  formed  by  the  points  of  attachment  of  the  suspending 
rods.  It  will  be  observed,  first,  that  each  couple  of  rods  corresponding  with  the  two  sidea  oi  the 
roadway  may  be  considered  as  bearing  half  the  weight  of  each  of  the  two  interspaces  comprised 
between  the  couple  of  rods  and  the  preceding  or  following.  If  the  rods  are  equidistant,  they  \\  ill 
consequently  sustain  equal  weights.  If  the  rods  were  infinite  in  number  and  infinitely  close  to 
one  another,  each  couple  would  sustain  an  element  of  the  roadway,  and  any  -ivcii  portion  of  the 
chain  would  sustain  a  weight  proportioned  to  its  horizontal  projection.  Od  this  hypothesis  it  li 
easy  to  perceive  that,  disregarding  the  weight  of  the  rods,  t\w  chain  would  assume  the  form  of  a 
parabola  to  the  vertical  axis,  the  equation  of  which  is  easily  ascertained.  Lei  A.  Pig.  I  k91,  be 
the  lowest  point  of  the  chain.  At  this  point  is  exercised  a  horizontal  tension  which  we  will 
represent  by  Q.  Let  us  take  for  the  axis  of  y,  the  vertical  of  the  poini  A.  and  for  the  axis  of  a 
a  horizontal  OX  drawn  at  the  height  of  the  roadway.  Let  M  and  M'  be  two  points  of  the 
chain  infinitely  close  to  one  another-  let  T  be  the  tension  of  the  chain  at  the  point  M,  a  force 
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which  is  applied  in  the  direction  of  a  tangent  at  this  point.  If  a  designates  the  angle  of 
this  tangent  with  the  horizon,  the  horizontal  and  vertical  components  of  T  will  be  T  cos.°a  and 
T  sin.  a.  Passing  from  the  point  M  to  the  point  M', 
these  components  will  become  T  cos.  a  +  c?,  T  sin.  a,  and 
T  sin.  a  +  d,  T  sin.  a. 

Let  2p  be  the  weight  a  lineal  mètre  of  the  bridge, 
2  p  d  x  will  be  the  weight  of  an  element  of  this  bridge, 
and  pdx  will  be  the  weight  of  the  portion  N  N'  of  the 
bridge  supported  by  a  rod  jointed  at  the  middle  of 
the  element  M  M'.  This  element  being  in  equilibrium 
under  the  action  of  this  weight  and  of  the  two  tensions  CT 
already  considered,  we  shall  have,  by  taking  the  sum  of 
the  horizontal  components  (T  cos.  a  +  d,  T  cos.  a)  — 
T  cos.  o  =  0,  or  d,  T  cos.  a  =  0,  whence 

T  cos.  a  =  const.  =  Q 
and  taking  the  sum  of  the  vertical  components, 

(T  sin.  a  +  d,  T  sin.  a)  —  T  sin.  a  —  p  d  x  =  0,  or  d,  T  sin.  a  =  p  d  x, 

and  substituting  for  T  its  value   ,  d  Q  tan.  a  —  p  d  x,  or  Q  d  y'  —  p  d  x,  calling  y'  the  angular 

coefficient  of  the  tangent  at  M.     Integrating  and  observing  that  the  point  A  is  the  lowest 

p 
point,  we  have  y'  =  0  for  x  —  0  ;  we  obtain  Qy'  —  px,  or  dy  —  —  x  d  x.     Integrating  afresh 

and  designating  by  y,  the  ordinate  of  the  point  A,  we  find 


y 


2Q 


[2] 


the  equation  of  a  parabola  which  has  for  axis  the  axis  of  yi  d  being  employed  as  the  differential 
sign. 

Without  supposing  the  rods  infinite  in  number,  if  we  suppose  them  equidistant,  as  is  ordinarily 
the  case,  and  disregarding  their  weight,  we  may  demonstrate  by  very  slight  consideration  that  the 
angles  of  the  polygon  formed  by  the  chain  are  upon  a  parabola.  Let  M,  M',  M",  Fig.  1 492,  be  three 
consecutive  points  of  the  chain  ;  let  T  and  T'  be  the  tensions  of  the  sides  M  M'  and  M'  M",  and  P 
the  weight  supported  by  the  rod  M'  N'.  The  point  M'  being  in  equilibrium  under  the  action  of 
these  three  forces,  the  sum  of  their  horizontal  components  is  equal  to  0  ;  that  is  to  say,  the  horizontal 
projection  of  the  tension  of  any  given  side  is  a  constant  quantity;  we  will  designate  it  as  above,  by  Q. 
Produce  the  side  M  M'  as  far  as  K  ;  the  three  forces  T,  T',  and  P,  will  be  proportional  to  the  three 
sides  of  the  triangle  M'  M"  K,  which  are  respectively  parallel  to  them.  If  then  we  represent  the 
tension  T  by  the  side  M  M',  or  by  its  equal  M'  K,  the  tension  T'  will  be  represented  by  M'  M", 
and  the  weight  P  by  M"  K.  Now  the  weight  sustained  by  each  rod  is  a  constant  quantity,  since 
the  rods  are  equidistant  ;  the  length  M"  K  is  then  also  constant.  Draw  the  horizontals  M I  and 
M'  H.  The  length  M'  I  or  its  equal  K  H  being  the  primary  difference  of  the  ordinate  M  N  ;  that 
is  to  say,  the  difference  between  M'N',  and  IN,  and  M"H,  being  the  primary  difference  of  the 
ordinate  M'  N',  that  is  the  difference  between  M"  N"  and  M'  N',  the  length  K,  which  is  the  differ- 
ence between  these  two  primary  differences,  is  nothing  else  than  the  second  difference  of  M  ÌN . 
The  centre  of  curvature  of  the  points  of  the  chain  has  then  this  property,  that  the  second  difference 
of  the  ordinate  is  constant  ;  it  is  then  a  curve,  the  equation  of  which  is  in  the  form  y  =  a-\-bx  +  cx\ 
that  is,  it  is  a  parabola,  whose  axis  is  parallel  to  the  ordinates. 

1493.  m  . 
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Finally,  still  disregarding  the  weight  of  the  rods,  whatever  may  be  the  successive  distances  of 
the  rods  one  from  the  other,  the  consecutive  points  of  attachment  of  the  chain  are  always  upon 
a  parabola.  Let  M0,  M1?  M2,  M3,  ....  Fig.  1493,  be  the  consecutive  points  of  the  chain  ;  xm 
Vi»  xu  y \-,  x2ì  Ut*  '  ■  •  •  their  co-ordinates  in  relation  to  two  rectangular  axes,  the  one  vertical  passing 
through  the  middle  of  the  horizontal  side  m  M0,  and  the  other  horizontal  ;  P0,  Px,  P„,  P3,  the 
weights  supported  by  the  corresponding  rods  ;  Tx,  T2,  T3,  .  .  .  .  the  tensions  of  the  consecutive 
sides;  Q  their  common  horizontal  projection.  It  is  sufficient,  in  fact,  to  consider  the  equilibrium 
of  any  given  apex  and  make  equal  to  0  the  sum  of  the  horizontal  projections  of  the  forces  acting 
upon  it,  to  see  that  all  these  tensions  have  horizontal  projections  equal  in  absolute  value.  Let  us 
consider  the  equilibrium  of  the  point  M0  ;  the  weight  P0  applied  at  this  point  has  for  its  expression 


(,   xx  —  xn\       1 


[3] 
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designating  by  p  the  weight  a  linear  mètre  sustained  by  the  chain,  which  is  the  half  of  the  weicht 
per  linear  mètre  of  the  roadway.  Making  equal  to  0  the  sum  of  the  horizontal  projections  of  th« 
forces  Q,  T,  and  P0,  we  obtain  J  ° 

Q  =  Tt  cos.  M1  M0  H  =  Tx  *' 


M0  M, 

Making  equal  to  0  the  sum  of  the  vertical  components  of  the  same  forces,  we  find 

|  (*,  +  *0)  =  T,  sin.  Mx  M0  H  =  T,  |-=Lp . 
If  we  divide  term  by  term  the  two  proportions  just  established,  we  obtain 

\  |  ,,  +  O  =  ÏL=* ,  whence  y,  -  y,  =  2-  («.  _  *=).         ffl 

If  we  consider  the  equilibrium  of  the  point  M1}  we  shall  find  in  the  same  way 

whence  dividing  term  by  term, 


m,  m;  •"**  2  ^ T  ^  -  *■  m7m2 


2^  I*  +  ^  =  \^  »  OT  *  -<  *  =  2^  W  »  -?)'  [5] 

Applying  the  same  method  to  all  the  other  points,  we  shall  obtain  analogous  relations  ;  and  if 
^n  -  i,  yH  -  i,  and  #„ ,  yn  represent  the  co-ordinates  of  any  two  given  consecutive  points  we  shall 
have  r        ' 

Vn  -  Vn  -  i  =  ~  (a£  -  ¿r„a_  i).  [6] 

Adding  term  to  term  all  the  relations  thus  obtained,  and  reducing,  we 

yn-y»  =  ^(*i'-*S)i 

so  that  by  suppressing  the  index  »  we  have  for  any  given  point  of  which  x  and  y  are  the  co-ordinates, 

this  is  the  equation  of  a  parabola  whose  axis  is  vertical,  and  which  has  for  its  vertex  the  point  of 

the  axis  of  y  having  for  its  ordinate  y0  —  — —  x%. 

If  the  chain  had  no  horizontal  side,  we  should  make  the  y  axis  pass  through  the  lowest  apex 
M0  ;  we  should  then  have  xQ  —  0,  and  applying  the  same  method,  we  should  find  the  equation  of 
the  parabola  to  be 

»-*  =  ig*--  TO 

Having  the  equation  of  the  curve,  we  can  easily  deduce  from  it  the  horizontal  component  Q  of 
the  tensions  of  the  sides.  In  fact,  the  point  at  which  the  chain  meets  the  vertical,  elevated  at  the 
extremity  of  the  roadway,  may  be  considered  as  a 
point  of  the  chain  ;  now  this  point  is  always  given. 
If  the  chain  is  symmetrical  with  relation  to  the 
lowest  point,  the  co-ordinates  of  this  imaginary 
point  of  attachment  are  the  semi-span  a  of  the 
bridge,  and  the  height  h  of  this  point  above  the 
axis  x  ;  we  should  then  have,  in  the  case  of  the 
formula  [7], 

h  ~  y°  =  2Q  (a2  "  *l)i  Whence  Q  =  lP  (a¡~y0g>i 
In  the  case  of  the  formula  [8],  we  should  have 

1           a2 
Q=-p 0  Pa 

^       2  l    h  -  yQ 

Thus,  by  assuming  the  supposed  point  of  attachment,  and  the  point  M,„  we  determine  the 
ordinate  of  a  point  of  the  chain  corresponding  with  a  given  abscissa,  und  consequently  the  point 
corresponding  with  a  given  rod,  as  well  as  the  horizontal  tension  of  the  chain. 

The  actual  point  of  attachment  is  always  situated  beyond  the  point  which  we  hare  called  the 
imaginary  point  of  attachment. 

It  is  easy  to  deduce  from  the  preceding  the  tension  of  a  given  side  of  the  polygon  formed  by 
the  chain.  Let  M„_i  and  M„,  Fig.  1494,  be  two  given  consecutive  points,  and  '!\,  the  tension  of 
the  side  M„.-i  M„.  The  portion  of  the  chain  comprised  between  the  poini  M0  and  the  poini 
Mn  _1  bears  the  weight  of  the  roadway  comprised  between  the  axis  of  y  and  the  vertical  passing 
through  the  middle  of  M„_  i,  M„  ;  this  weight  has  then  the  value 

P„  =  p  (*„_,  +  íl^:_l)  =  *  jiOfc-i  +  *»). 

This  portion  of  the  chain  is  in  equilibrium  under  the  action  of  its  weight,  and  of  the  forros  Q 
and  T„  ;  calling  an  the  angle  of  the  side  M„  -  ,  M„  with  the  horizon,  and  making  equal  tu  0  the 
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sum  of  the  horizontal  components  and  that  of  the  vertical  components  of  these  three  forces,  we 
obtain  T„  cos.  an  =  Q,  and  Tn  sin.  a„  =  Pw,  whence,  squaring,  adding,  and  extracting  the  square 
root: 

Tn  -  VQ2  +  F.  [9] 

This  tension  increases  with  P„  ;  thus  the  maximum  of  tension  is  placed  on  the  last  side.  In 
order  to  calculate  it  more  easily,  we  may  suppose  that  the  lowest  point  of  the  chain  is  the  vertex 
of  the  parabola,  which  is  to  place  it  in  the  case  of  the  formula  [8]  ;  and  if  we  call  ò  the  differ- 
ence h  —  yOÌ  or  the  height  of  the  point  of  attachment  above  the  lowest  point,  we  have 

n       1       a* 
Q  =  2Pb' 
Besides,  we  have  then  P  =  p  a  ;  calling  T  the  maximum  tension,  it  follows  that 


T  =  V 


P2(*2tP2  tï»  orT=^ 


b- 


=  pa  V  1 


+ 


4  62 


[10] 


The  horizontal  tension  and  that  of  the  different  sides  of  the  chain  may  also  be  determined 
geometrically  when  we  know  the  inclination  of  the  last  side.  To  make  this  clear,  we  will  take 
the  case  where  there  is  a  horizontal  side.  Upon  a  vertical  of  indefinite  length  let  us  take  the 
lengths  I  A,  AB,  B C,  .  .  .  .  D H,  Fig.  1495,  proportional  to  the  successive  weights  supported 
by  the  different  rods  ;  that  is  to  say,  to  half  the  sum  of 
the  weights  of  the  two  adjacent  divisions  of  the  bridge. 

From  the  point  I  draw  a  horizontal,  and  from  the  ex-  ^^   p 

treme  point  H  a  right  line,  having  the  inclination  given 
by  the  last  side  of  the  chain.  These  two  right  lines 
meet  at  a  point  O  ;  draw  O  A,  OB,  OC,  .  .  .  .  OD. 
The  right  line  I  H,  representing  the  weight  borne  by 
the  rods  O  I,  will  represent  the  horizontal  tension  Q,  and 
the  lines  O  A,  O  B,  OC,  and  so  on,  will  represent  the 
tensions  of  the  successive  sides  of  the  chain  ;  O  H  will 
represent  the  tension  of  the  last  side,  which  is  the  maxi- 
mum tension.  If  we  first  consider  the  portion  of  chain 
comprised  between  the  first  rod  and  the  last,  we  see  that  it  is  in  equilibrium  under  the  action  of  the 
horizontal  tension  Q  of  the  tension  T  of  the  last  side,  and  of  the  weight  P  of  the  roadway  borne  by 
these  rods.  Now,  these  three  forces  being  parallel  to  the  three  sides  of  the  triangle  O  I  H,  they 
are  proportional  to  these  sides .  and  since  P  is  represented  by  I H,  it  follows  that  0  is  repre- 
sented by  O  I,  and  T  by  O  H. 

Let  us  now  consider  the  point  of  attachment  of  the  last  rod  ;  it  is  in  equilibrium  under  the 
action  of  the  weight  p,  suspended  to  the  rod,  of  the  tension  T  of  the  last  side,  and  the  tension  T' 
of  the  preceding  side.  Now,  the  two  former  forces  being  represented  in  magnitude  and  in  direc- 
tion by  the  two  sides  D  H  and  O  H  of  the  triangle  ODH,  the  third  force  T'  must  be  represented 
in  magnitude  and  in  direction  by  the  third  side  O  D  of  this  triangle.  We  should  thus  demonstrate 
step  by  step  that  O  C,  O  B,  O  A,  and  so  on,  represent  in  magnitude  and  direction  the  successive 
tensions  of  the  other  sides.  An  analogous  mode  of  reasoning  would  be  employed  in  case  there 
were  no  horizontal  side.  In  both  cases  the  force  Q  is  the  horizontal  projection  common  to  all  the 
tensions. 

It  is  necessary  to  determine  the  length  of  the  chain.  To  obtain  this,  we  might  calculate  suc- 
cessively each  of  its  sides  by  means  of  the  co-ordinates  of  its  extremities.  But  this  method  is  a 
very  laborious  one  ;  and  we  can  obtain  a  sufficient  approximation  by  substituting  for  the  polygon 
the  circumscribed  parabola,  of  which  we  have  the  equation.  We  take  for  thislhe  equation  [8], 
in  which  we  suppress  yw  which  amounts  to  making  the  x  axis  pass  through  the  lowest  point  ;  we 

thus  get  y  =  r-^  x2,  or,  replacing  Q  by  its  value,  -  p  -  , 
^  y  Ab 

»  =  >$■  ni] 

Calling  s  the  length  of  the  arc  of  the  curve  computed  from  the  vertsx,  we  have 

d  s  -  dx  V  1  +  y"1  ; 


but  y'  =  2  b  — ,  consequently  d  s  =  d  x 


VTÏ 


4Ò2, 


In  the  ordinary  application,  6  is  small  in  comparison  with  a  ;  besides,  x  is  at  the  most  equal 
to  a  ;  the  fraction  under  the  radical  is  then  very  small  ;  and  we  may,  without  perceptible  error 

4  M  x^ 
add  under  the  radical  — —  ;  the  quantity  under  the  radical  then  becomes  a  perfect  square  num- 


ber, and  extracting  the  root,  we  obtain  ds 
Integrating,  and  observing  that  for  x 


K-^> 


=  0  we  should  have  s  =  0,  we  find 

s==*  +  3  IF 

and  for  x  =  a, 

,    2  Ò2  /     ,   2   b2\ 

which  is  the  length  of  the  parabola  from  the  lowest  point  up  to  the  point  which  corresponds  with 
the  extremity  of  the  roadway. 
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This  length  of  the  chain  is  its  absolute  length  under  the  action  of  the  load  which  it  supports  • 
it  is  greater  than  its  original  length  s0  by  the  elongation  produced  by  tension.  Let  0  be  a  mean 
between  the  maximum  tension  calculated  above,  and  the  horizontal  tension  Q  ;  the  elon^ation'of 
iron  a  linear  mètre  being  0  ■  00005  mètre  for  a  tension  of  1  kilogramme  a  square  millimètre  of  the 

section,  calling  «  the  section  of  the  chain  expressed  in  square  millimètres,  s  -  s0  =  s  -  0m  •  00005 

CO 

s 

whence  s0  = .     The  length  s  will  vary  with  the  temperature  ;  the  coefficient  of  the 

1  +- 0-0005 

expansion  of  iron,  roughly  estimated,  is  0  ■  0000122,  so  that  passing  from  0  to  the  temperature  i,  the 
length  s  becomes  s'  =  s  (1  +  0*0000122  í).  From  this  results  an  increase  of  the  versed  sine,  which 
it  is  necessary  to  know  how  to  calculate.     Now,  if  in  the  formula  [12]  we  allow  s  and  6  to  become 

46 
variables  and  differentiate,  we  have  ds  =  —  db.     For  in  considerable  expansions  we  may  admit 

that  the  final  increments  of  s  and  b  are  plainly  proportional  to  increments  infinitely  small  ;  we 
then  write  4  6      7         ,  3  a 

As  =  -—Ab ,   whence  A6  — —  - As,  ["13] 

3a7  46'  L     J 

.  A  6  signifies  the  finite  difference  of  6. 
This  formula  gives  the  increment  of  the  versed  sine  A6  corresponding  with  an  increase  of  length 
A  s  of  the  chain.     We  thus  find  that  for  a  bridge  of  100  mètres  span,  in  which  case  a  is  equal 
50  mètres,  and  having  a  versed  sine  of  5  mètres,  the  latter  is  augmented  by  0m  ■  135  when  the 
temperature  is  raised  from  0  to  30°. 

The  section  of  the  rods  is  easily  calculated  according  to  the  weight  they  have  to  carry.  Take 
the  value  of  the  weight  of  the  roadway  which  the  rod  has  to  support,  and  add  to  it,  according 
to  the  regulations  laid  down,  a  load  of  200  kilos,  a  square  mètre  ;  divide  the  sum  by  12  kilos,  in 
the  case  of  iron  bars,  and  by  18  kilos,  in  the  case  of  wire  rope.  The  quotient  expresses  in  square 
millimètres  the  section  of  the  rod. 

The  section  of  the  chain  is  determined  according  to  the  maximum  tension  which  it  has  to 
support.  This  tension  is  obtained  by  taking  into  account  at  first  only  the  weight  of  the  roadway, 
of  its  load,  and  of  the  weight  of  the  rods.  We  thus  obtain  for  the  section  of  the  chain  an  approxi- 
mative value,  whence  we  deduce  the  approximative  value  of  the  chain  itself.  Eecommencing  the 
calculation  by  introducing  into  the  total  weight  that  of  the  chain,  we  obtain  a  near  value  for  the 
section,  which  is  in  general  sufficiently  near  for  all  purposes.  The  small  beams  supported  by  the 
rods  by  means  of  iron  straps  may  be  considered  as  prisms  placed  upon  two  supports  and  loaded  with 
the  weight  of  the  flooring-planks,  which  form  two  semi-interspaces,  having  the  regulation  load  or 
weight  uniformly  spread  over  the  length  of  the  beam.  The  dimensions  of  the  flooring  are  calculated 
in  a  similar  manner.  The  regulation  load  of  200  kilos,  a  square  mètre  represents  the  weight  of 
three  men.  If  the  bridge  is  intended  for  the  passage  of  vehicles,  it  is  necessary,  in  the  calculation 
of  the  section  of  the  chain  and  that  of  the  rods,  to  take  into  account  the  weight  of  two  conveyances 
at  least  ;  and  to  consider  them  as  crossing  one  another  upon  a  given  interspace.  It  is  also  necessary 
to  consider  this  circumstance  in  the  calculation  for  the  smaller  beams  and  the  floor,  independently 
of  a  weight  uniformly  distributed  ;  we  have  then  to  consider  a  weight  applied  at  a  given  point,  for 
example  in  the  middle,  which  is  the  most  unfavourable  case. 

We  require  to  calculate  the  lengths  of  the  rods.  If  they  are  not  equidistant,  each  of  these 
lengths  must  be  calculated  by  means  of  the  equation  of  the  parabola,  and  taking  the  sum.  Lut 
the  calculation  is  simplified  when  the  rods  are  equidistant.  Let  us  consider  first  the  case  in  which 
there  is  no  horizontal  side.    We  have  seen  that  the  equation  of  the  parabola  in  relation  to  its 

¡c2 

vertex  is  then  y  =  6  —  . 

Let  us  designate  by  A  the  width  of  an  interspace  ;  the  successive  lengths  of  the  rods,  computed 
from  the  axis  of  x.  that  is  to  say,  from  the  horizontal  which  starts  from  the  lowest  point,  will  have 

6  A2     6  4A2     6  9  a2  6n2A2         __.  „  ,     '  , 

for  their  respective  values  —5-.  — =— ,  — — ,.  .  .  . — 5—,  calling  n  the  number  of  rods.      I  he 
1  a2          a2  a-  a- 

6  A2 
sum  2  of  these  rods  will  then  be  2  =  — rr  (1  +  4  +  9  4-  .  .  .  .  +  n-).    Now  the  sum  of  the  Bquarea 

az 

of  the  consecutive  numbers  from  1  to  n  has  for  its  value ,  we  shall  then  have 

o 

_6\2n(»+  1)  (2tt+  1) 

2~   a2  G 

We  may  simplify  still  more  this  expression  by  observing  that  we  havo 

À  1 

a  =  (u  +  1)  A,  whence  — 


+  1 


Substituting  this  value  for  —  ,  and  reducing,  we  find 


.      .  n(2»+l)        „       1  .     2n+J  n±1 

0(11  +  1)  O  ¿71  +  .3 

If  there  is  a  horizontal  side,  the  most  simple  method  is  still  to  take  the  parabola  in  relation  to 


2Q 

the  transposition  of  the  axis  of  x  does  not  change  the  parameter.     But  the  abscissa  oí  the  point« 


its  vertex,  in  which  case  the  equation  [8]  is  reduced  further  to  the  form  y  -  ^q  x2  =  b 
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of  attachment  of  the  rods  are  then,  designating  by  e,  the  half-interspace,  e, 
n  designating  the  number  of  the  rods.     We  have  then  in  this  case 

2  =  ~  [1  +  9  +  25  +  49 +  (2  n  -  1)2], 


€,56,7e,....(2n-l)€, 


Now  the  sum  of  the  squares  of  the  n  first  unequal  numbers  has  for  its  value 


we  then  get  2 


6  e2  (2  n  —  1)  2  n  (2  n  +  1) 


(2  n  -  1)  2  n  (2  n  +  1) 
6  ' 


This  expression  may  be  simplified  by  observing  that  we  have  a  =  e  2  n  +1,  whence 


Substituting  and  reducing,  we  obtain  as  a  final  result 


1 

2  n  +T 


2  =  6 


(2n  -  1)  2n 

6  (2  n  +  1) 


1         2n-  1 

—  o  n 

3         2»+l 


[15] 


"We  may  remark  that  the  values  of  2  given  by  the  formulae  [14]  and  [15]  differ  very  slightly 
from  -  bn;  so  that  when  we  only  require  a  summary  estimate,  we  can  get  the  sum  of  the  lengths 

Ö 

of  the  rods  by  multiplying  the  third  of  the  greatest  by  the  number  of  these  rods. 

The  formulae  [14]  and  [15]  give  the  sum  of  the  lengths  of  the  rods  only  as  far  as  the  tangent 
to  the  vertex  of  the  parabola  circumscribed  on  the  chain.  It  is  necessary  to  add  further  the  lengths 
of  the  portions  of  the  rods  comprised  between  the  tangent  and  the  roadway.  If  the  latter  is  hori- 
zontal, calling  5  the  distance  from  the  vertex  of  the  curve  to  the  roadway,  we  must  add  n  8  to  the 
sum  already  calculated.  Sometimes  the  roadway  has  a  slightly  parabolic  form,  the  convexity  being 
turned  upwards.  In  this  case  it  would  be  necessary  further  to  add  to  the  sum  of  which  we  speak 
the  sum  of  the  ordinates  of  the  new  parabola,  correspond- 
ing with  the  same  abscissae,  they  are  calculated  like  the 
first  sum. 

We  have  supposed  up  to  the  present  that  the 
chain  was  composed  of  two  symmetrical  portions,  its 
vertex  corresponding  with  the  middle  of  the  road- 
way. This  is  not  always  the  case  ;  but  knowing  the 
heights  h  and  A',  Fig.  1496,  of  the  supposed  points 
of  attachment  H  and  H'  above  the  tangent  to  the 
vertex,  and  the  length  A  A'  =  L  of  the  roadway,  it  is  easy  to  determine  the  distances  a  and  a' 
from  the  summit  of  the  parabola  to  the  extremities  of  this  roadway.  For  we  have,  first,  a  +  ct'  —  L. 

Next  we  have,  since  the  points  H  and  H'  are  upon  the  parabola,  h  =  — -=  a2  and  h'  =  — —  a'2, 
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2Q 


2Q 


whence  — =  — 


a        a/  h 
h'  ~  a'2  '         a'  ~  ¿jr 
We  also  obtain  from  the  two  relations  between  a  and  a'  the  values 


V  h 


V  h 


and  a'  =  L 


V  h' 


+  V  h'  V  h  +  V  h' 

which  determine  the  position  of  the  point  O.  This  point  being  known,  we  may  apply  to  each  of 
the  branches  O  A  and  O  A'  the  calculations  and  the  formulae  belonging  to  the  case  in  which  the 
point  O  was  supposed  to  be  in  the  middle  of  the  roadway. 

We  have  also  supposed  that  there  was  only  one  chain  on  each  side  of  the  bridge  ;  generally 
there  are  several  ;  but  the  projection  of  their  vertices  upon  a  vertical  plane  parallel  to  the  direction 
of  the  bridge  is  upon  the  same  parabola.  The  calculations  are  made  as  if  all  these  vertices 
belonged  to  one  chain.  If  there  are  four,  the  first  bears  the  rods  1,  5,  9,  &c.  ;  the  second,  the  rods 
2,  6,  10,  &c.  ;  the  hird,  the  rods  3,  7,  11,  &c.  ;  the  fourth,  the  rods  4,  8, 12,  &c. 
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The  chains  or  cables  rest  upon  the  piers  or  abutments  by  means  of  fixed  or  movable  supports. 
In  the  first  case,  these  supports  are  piers  of  masonry,  or  cast-iron  pillars.  The  chains  are  not 
attached  to  these  ;  they  pass  over  rollers,  or  portions  of  rollers,  known  as  revolving  sectors,  Fig.  1497, 
which  themselves  rest  upon  a  plane  surface.  The  intention  of  this  arrangement  is  to  distribute 
the  pressure  more  equally  over  the  different  portions  of  any  one  chain,  and  to  counteract  the  rupture 
which  might  result  from  an  inequality  of  tension  between  two  consecutive  portions  of  the  chain. 
Occasionally  the  chain  is  even  mude  to  pass  over  three  rollers,  of  which  one,  that  in  the  middle, 
is  placed  higher  than  the  others,  in  order  to  diminish  the  angle  of  flexion  of  the  chain,  Fig.  1498. 
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The  movable  supports  are  columns  or  large  cast-iron  uprights,  resting  upon  a  fixed  support  by 
means  of  a  horizontal  rounded  edge.  This  arrangement  has  the  same  intention  as  the  use  of 
friction-rollers  or  revolving  sectors.  The  tension  is  distributed  equally  between  the  two  divisions 
of  the  cable,  and  the  resultant  of  the  two  equal  tensions  is  directed  according  to  the  bisectrix  of 
the  angle  formed  by  the  two  divisions  ;  it  leans  towards  one  or  the  other  side,  according  to  the 
inequality  of  the  load  of  the  two  roadways.  It  is  plain  that  if,  from  the  effect  of  a  passing  load  upon 
one  of  these  two  roadways,  the  tension  of  the  chain  is  augmented,  the  chain  is  drawn  towards  that 
side,  and  by  adherence  draws  with  it  the  movable  pillar,  making  it  revolve  round  its  resting  point 
O,  Fig.  1499,  until  the  tension  diminishing  on  that  side  and  increasing  on  the  other,  becomes  equal 
to  the  two  divisions. 

The  base  of  the  pier  must  be  so  arranged  that,  meeting  the  result  of  the  two  tensions,  with  the 
weight  of  the  pier  and  the  revolving  column,  we  obtain  a  total  resultant  which  meets  the  base  of 
the  pier  at  a  point  in  its  interior,  sufficiently  removed  from  the  nearest  edge  to  avoid  crushing  the 
stone,  and  will  also  make  with  the  vertical  an  angle  inferior  to  the  angle  of  the  friction  of  the 
pillar  on  the  stone,  that  is  to  say,  inferior  to  37°,  or  the  angle  of  friction. 


Each  of  the  extremities  of  the  chain,  after  having  passed  over  the  fixed  or  movable  support 
which  corresponds  to  the  abutment,  is  carried  into  the  ground,  penetrating  into  a  solid  mass  of 
masonry,  united  to  the  pier.  Fig.  1500  shows  this  arrangement  ;  the  chain  after  passing  over  the 
support,  takes  the  direction  A  B,  generally  more  nearly  approaching  the  vertical  than  the  last 
side  TA;  at  B  it  assumes  a  bent  direction,  so  as  not  to  require  in  the  mass  where  it  is  moored 
dimensions  needlessly  great;  with  the  point  of  inflection  there  usually  corresponds  a  smaller 
revolving  support  ;  the  chain  afterwards  descends  in  the  direction  B  C  into  an  inclined  channel, 
which  is  terminated  by  a  narrow  opening  closed  by  a  plate  of  cast  iron,  to  which  the  chain  is 
fixed  ;  below  this  is  the  mooring-hole  C,  into  which  there  is  access  by  the  opening  D  to^  reach 
the  point  of  attachment.  The  same  opening  usually  serves  for  access  to  the  two  cavities  on 
the  same  bank  communicating  one  with  another  by  a  vaulted  gallery.  It  is  necessary  for  the 
equilibrium  and  stability  of  the  system,  that  on  composing  the  tension  in  the  direction  of  A  B 
with  the  weight  of  the  mooring-block,  a  resultant  should  be  obtained  which  meets  the  mass  of  the 
block  at  a  point  in  its  interior,  at  a  sufficient  distance  from  the  nearest  ridge,  and  which  will 
make,  with  the  vertical,  an  angle  inferior  to  the  angle  of  friction  considered  above.  In  accordance 
with  this,  the  dimensions  and  consequently  the  weight  of  the  block  are  determined.  _ 

As  a  rule  no  great  height  is  given  to  the  supports,  whether  fixed  or  movable  ;  it  follows  that 
the  tension  Q  is  rather  considerable,  for  it  varies  in  inverse  ratio  with  the  height  ;  but  in  an 
economical  point  of  view  there  is  less  inconvenience  in  slightly  augmenting  the  section  of  the 
chains,  than  in  increasing  the  height  of  the  supports,  which  would  besides  have  the  effect  of 


1501 


diminishing  stability.  Where  we  are  obliged  to  give  a  great  height  to  the  supports,  they  are 
united  by  stays  A  B,  CD,  Fig.  1501,  which  are  attached  to  the  top  of  one  of  the  piers  and  fixed 
at  the  foot  of  the  other  :  the  figure  shows  this  arrangement 
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We  have  said  that  the  actual  point  of  attachment  of  the  chains  does  not 
coincide  with  that  which  we  have  called  the  imaginary  point  of  attachment, 
which  is  upon  the  vertical  of  the  extremity  of  the  roadway.  In  this  in- 
terval, the  chain  having  only  its  own  weight  to  carry,  affects  the  form  of  an 
arch  of  chain  work,  which  accords  with  the  parabola  circumscribed  on  the 
chain  ;  but  the  two  curves  differ  then  so  little  one  from  the  other,  that  we 
may  without  appreciable  error  consider  the  arch  of  chainwork  as  the  prolon- 
gation of  the  parabola. 

Iron  Bridge  Building. — The  Charing  Cross  Bridge,  erected  to  support  the 
Charing  Cross  Kail  way  over  the  Thames,  occupies  the  site  of  the  Hungerford 
Suspension  Bridge. 

This  bridge  comprises  nine  spans,  Fig.  1502,  six  of  154  ft.  and  three  of  100  ft. 
The  superstructure  over  the  three  latter  spans  is  fan-shaped,  Fig.  1503,  inasmuch 
as  the  ground  available  for  the 

Charing  Cross  Station  being    wcl^a*  -  15°3. 

somewhat  restricted  in  length, 
it  was  necessary  to  begin  the 
widening  out  on  the  bridge. 
It  was  found  necessary  to 
divide  the  opening  between 
the  Middlesex  pier  and  abut- 
ment into  three  spans  of  100 
ft.,  instead  of  into  two  spans  of 
151  ft.,  as  on  the  Surrey  side. 

The  bridge  is  carried  by 
cylinders,  sunk  into  the  bed 
of  the  river,  and  by  the  piers 
of  the  Hungerford  Suspension 
Bridge,  Fig.  1502,  the  upper 
portions  of  which  have  been 
removed,  while  the  lower  por- 
tions have  been  added  to  and 
modified,  so  as  to  adapt  them 
for  the  railway  bridge.  The 
abutments  of  the  Hungerford 
Suspension  Bridge  are  also 
retained,  but  have  been  consi- 
derably lengthened  and  al- 
tered. The  width  of  the  river 
at  the  bridge  is  1350  ft.  The 
greatest  depth  of  water  be- 
tween the  two  brick  piers  is 
13  ft.  below  low-water  spring 
tides,  and  the  average  depth  is 
about  10  ft.  The  rise  of  spring 
tides  is  17*  ft.  The  level  of 
the  rails  is  31  ft.  above  Trinity 
high-water  mark,  and  the  clear 
minimum  headway  is  25  ft. 
above  the  same  level. 

This  bridge  was  designed  by  Hawkshaw,  but  the  practical  part  of  the 
work,  which  is  by  far  the  most  considerable  portion,  is  due  to  the  engineering 
skill  of  Joseph  Phillips. 

Cylinders  for  the  Openings  151  ft.  Span. — The  cylinders,  excepting  those 
at  the  fan  end,  are  14  ft.  diameter  below,  and  10  ft.  diameter  above  the 
ground,  the  junction  between  the  two  sizes  being  effected  by  an  interme- 
diate conical  length,  Fig.  1504.  There  are  four  piers  (three  intervening 
between  the  towers  of  the  Hungerford  Suspension  Bridge  and  one  between 
the  tower  and  the  abutment  on  the  Surrey  side)  formed  of  cylinders  of  the 
above  diameters,  and  each  of  the  piers  consists  of  two  cylinders,  49  ft.  4  in. 
apart,  from  centre  to  centre.  They  are  of  cast  iron,  and  are  shown  in  detail 
in  Figs.  1505  to  1507.  The  circumference  of  each  cylinder  of  14  ft.  dia- 
meter, is  divided  into  seven  equal  parts  or  segments,  the  segments  being 
generally  9  ft.  high  ;  that  of  the  cylinders  10  ft.  diameter,  is  divided  into 
five  equal  parts  or  segments,  each  segment  being  also  generally  9  ft.  high  ; 
whilst  that  of  the  intermediate  or  conical  piece  is  similarly  divided  into 
five  equal  parts  or  segments,  each  9  ft.  high.  The  segments  are  fastened 
together  inside,  by  bolts  1|  in.  diameter,  passing  through  flanges  cast  on  the 
top,  bottom,  and  sides  of  the  segments.  A  horizontal  interior  strengthening 
rib  is  cast  on  the  middle  of  each  segment.  All  the  joints  of  the  segments, 
both  horizontal  and  vertical,  are  planed,  and  spaces  are  left  inside  be- 
tween the  flanges  for  the  introduction  of  iron  cement,  to  render  the  joints 
water-tight.  The  vertical  joints  of  the  segments,  in  each  of  the  two  lengths 
of  different  diameters  respectively,  are  over  one  another.  There  are  thus  con- 
tinuous vertical  lines  of  ribs,  securing  a  strong  columnar  arrangement.     The 
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horizontal  joints  can  also  be  made  to  fit  better  in  this  way  than  by  breaking  the  vertical  joints. 
The  thickness  of  the  metal  in  these  cylinders  is  lì  in.  throughout,  excepting  in  the  bottom  length, 
where  it  is  1§  in. 

Sinking  the  Cylinders. — The  staging  for  sinking  the  cylinders  consisted  of  piles  erected  round 
the  pier,  supporting  a  stage  or  platform  at  the  level  of  4  ft.  above  high-water  mark.  When  this 
staging  was  in  its  place,  an  opening  of  45  ft.  was  left  between  two  adjoining  piers  .;  but  in  order 
that  the  navigation  might  not  be  interrupted,  only  two  openings,  in  the  space  between  the  two 
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brick  piers,  were  allowed  to  be  narrowed  to  that  extent.  The  staging  used  in  the  two  Surrey 
openings,  which  was  generally  similar  to  that  employed  for  the  other  openings  of  the  same  span,  is 
shown  in  Figs.  1508,  1509.  The  part  up  to  the  lower  platform  was  erected  for  the  purpose  of 
sinking  the  cylinders.  This  was  afterwards  carried  up,  and  the  45-ft.  opening  spanned,  for  the 
purpose  of  erecting  the  girders. 
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The  strata  through  which  the  cylinders  are  sunk,  Fig.  1502,  consist  of  mud  and  gravel,  of 
varying  thicknesses,  overlying  the  London  clay.  The  cylinders  were  sunk  by  excavating  tho 
material  from  the  inside,  by  means  of  divers,  and  then  by  weighting  them  as  the  excavation 
proceeded,  until  they  had  passed  through  all  the  porous  material,  and  had  entered  a  few  feet  into 
the  solid  London  clay.  .  The  water  was  then  pumped  out,  and  the  cylinder  was  kept  dry  during 
the  rest  of  the  operation.  The  sinking  was  then  proceeded  with,  by  excavating  the  material  and 
by  weighting  the  cylinders.  The  weight  with  which  it  was  found  necessary  to  load  the  cylinders, 
in  order  to  overcome  the  friction  of  the  sides,  and  to  sink  them  to  their  final  depth,  averaged 
about  150  tons.  The  London  clay  extended  to  a  depth  far  below  the  level  at  which  the  cylinders 
were  founded. 

The  cylinders  constituting  the  pier  between  the  Surrey  abutment  and  the  brick  pier,  are  sunk 
to  a  depth  of  52  ft.  below  Trinity  high-water  mark.  Those  between  the  two  brick  piers  are 
sunk  to  a  depth  of  62  ft.  below  the  same  level,  excepting  the  up-stream  cylinder  of  the  middle  pier, 
which  had  to  be  sunk  10  ft.  deeper,  on  account  of  some  of  the  material  through  which  it  passed 
being  softer  than  that  met  with  at  the  sites  of  the  other  cylinders. 

Filling-in  the  Cylinders,  and  Weighting. — After  the  cylinders  had  been  sunk,  and  the  material 
had  been  excavated,  they  were  filled  with  concrete  up  to  where  the  conical  part  commences,  and 
with  brickwork  from  that  level  to  the  under-side  of  the  granite  bearing-blocks  occupying  the  top 
of  each  cylinder.  The  concrete  was  composed  of  Thames  gravel  or  ballast,  that  obtained  from  the 
excavation  from  the  inside  of  the  cylinders  being  used,  so  far  as  it  was  suitable  and  sufficient. 
This  was  mixed  with  Portland  cement,  in  the  proportion  of  one  part  of  cement  to  seven  parts  of 
gravel.  The  brickwork  is  generally  composed  of  the  best  paviour  bricks,  set  in  Portland  cement 
mortar,  in  the  proportion  of  one  part  of  cement  to  two  parts  and  a  half  of  sand. 

Before  the  lengths  above  high  water  were  put  on,  the  cylinders,  after  they  had  been  filled  with 
the  concrete  and  brickwork,  were  weighted  with  a  load  of  about  450  tons,  excepting  the  two 
cylinders  in  the  pier  nearest  to  the  Surrey  side,  which  were  the  first  sunk,  and  weighted  each 
with  700  tons,  that  being  about  the  greatest  load  that  could  come  upon  any  one  cylinder,  assuming 
the  four  lines  of  rails  on  the  bridge  to  be  loaded  with  locomotive  engines.  Upon  the  removal  of 
the  loads,  it  was  found  that  each  of  the  cylinders  which  had  been  weighted  with  700  tons  had 
permanently  sunk  4  in.,  and  each  of  the  others  that  were  loaded  with  450  tons  had  permanently 
sunk,  on  an  average,  nearly  3  in.  The  larger  loads  were  applied  in  order  to  test  the  strength  of 
the  foundations,  and  the  subsequent  smaller  loads  to  bring  the  cylinders  to  a  bearing,  so  as  to 
prevent  any  settlement,  after  the  completion  of  the  bridge,  from  the  weight  of  the  permanent  and 
moving  loads.  The  load  was  applied  by  piling  the  permanent  rails  of  the  railway  on  the  cylinders. 
After  it  was  removed,  the  top  lengths  were  put  on,  and  were  filled  in  with  brickwork,  and  then 
the  granite  bearing-blocks  wrere  fixed  in  place.  These  blocks  are  2  ft.  6  in.  thick,  and  are  in  two 
equal  pieces,  which,  when  together,  fill  the  cylinder,  the  joint  being  under  and  longitudinal  with 
the  girders.  The  granite  blocks  project  1  in.  above  the  top  of  the  cylinders,  in  order  that  the 
weight  may  be  prevented  from  coming  on  the  upper  edge  of  the  ironwork. 

Each  pair  of  cylinders  forming  a  pier  is  connected  together  transversely  by  a  wrought-iron  box- 
girder,  4  ft.  deep,  strongly  attached  to  the  top  of  each,  Figs.  1510  to  1512.  This  girder  also  serves 
the  purpose  of  a  cross-girder  for  supporting  the  road- 
way. Assuming  the  four  lines  of  way  on  the  bridge 
to  be  loaded  with  locomotive  engines,  the  pressure 
on  the  base  of  the  cylinders  would  amount  to 
about  8  tons  the  square  ft.,  and  that  on  the  brick- 
work at  the  top  of  the  cone,  where  the  cylinder  is 
10  ft.  diameter,  to  about  9  tons  the  square  ft.  The 
former  pressure,  however,  is  on  the  supposition  that 
no  relief  is  afforded  by  the  friction  of  the  sides 
against  the  material  through  which  the  cylinders 
penetrate.  If  this  were  taken  into  account,  as  it 
should  be,  the  8  tons  the  square  ft.  would  be  much 
reduced,  and  it  is  clear  that  this  pressure  will  not 
be  approached. 

Superstructure  of  the  Openings  154  ft.  Span. — The 
superstructure  of  each  of  the  openings,  154  ft.  span, 
consists  of  two  main  girders,  underneath  which  are 
cross-girders,  Fig.  1504.  The  main  girders  are,  like 
the  cylinders,  49  ft.  4  in.  apart  from  centre  to  centre 
transversely,  leaving  a  space  between  them  sufficient  for  four  lines  of  rails,  the  roadway  platform 
being  supported  by  the  cross-girders.  For  the  purpose  of  carrying  the  footpaths,  each  of  which 
is  7  ft.  wide,  the  cross-girders  extend  beyond  the  main  girders,  forming  a  series  of  cantilevers  on 
each  side  of  the  bridge. 

Main  Girders  Spanning  the  154-/Í.  Openings. — These  girders  are  of  wrought  iron.  They  are  not 
continuous  over  two  or  more  openings,  but  are  all  detached.  Each  has  to  support,  inclusive  of  its 
own  weight,  a  maximum  distributed  load  of  about  700  tons.  The  elevation,  sections,  and  details 
of  these  girders  are  shown  in  Figs.  1513  to  1530.  The  extreme  depth  of  the  girders  is  14  ft.,  and 
the  depth  between  the  centres  of  gravity  of  the  top  and  bottom  members  is  12  ft.  9  in.  When  the 
girders  are  loaded  with  a  maximum  strain  of  4  tons  the  sq.  in.  in  compression,  and  of  5  tons 
the  sq.  in.  in  extension  (which  are  the  limits  allowed  for  the  wrought-iron  work  throughout 
the  bridge),  the  sectional  area  in  the  top,  at  the  rentre  of  the  girder,  will  be  somewhat  less  than 
300  sq.  in.,  and  that  in  the  bottom,  excluding  the  rivet-holes,  will  be  somewhat  less  than  235  sq.  in.  ; 
these  being  the  respective  central  areas  of  the  girders. 

The  sides  of  the  girders  between  the  bearings  are  divided  by  vertical  bars  into  fourteen  equal 
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parts,  each  division  containing  a  double  set  of  two  diagonals  crossing  each  other.  These  are 
placed,  as  nearly  as  practicable,  at  an  angle  of  45°  with  the  top  and  bottom  of  the  girder  ;  and  both 
the  diagonals  and  the  vertical  bars  are  connected  to  the  top  and  bottom  webs  by  pins  of  puddled 
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steel.  The  top  and  bottom  \çefes  of  the  girders  are  of  boiler-plate,  nnd  consist  of  horizontal  tables 
4  ft.  wide  at  the  top  and  3  ft.  wide  at  the  bottom,  and  of  four  vortical  ribs,  the  two  outer  rows 
being  24  in.  deep,  and  the  two  inner  21  in.  deep.     The  joints  of  the  plates,  in  the  horizontal  tables 
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of  the  top  and  bottom  wob»,  are  covered  by  a  continuous  plate  running  the  whole  length  of  the 
girder  ;  that  in  the  top  being  of  the  same  thickness  as  the  plates  covered,  and  that  in  the  bottom 
•jJg-.in.  thicker,  Figs.  1525  to  1528.  The  joints  in  the  vertical  ribs  in  the  top  and  bottom  occur 
near  the  pin-holes,  and  are  covered  by  1-in.  plates,  2  ft.  4  in.  long,  placed  on  both  sides  of  the 
ribs,  thus  forming  a  good  bearing  for  the  pins,  Figs.  1529,  1530.  The  vertical  ribs  are  united  to 
the  horizontal  tables  by  angle-iron,  6  in.  by  6  in.,  by  1  in.  thick  in  the  centre  and  f  in.  thick  at 
the  ends,  covered  at  the  joints.  The  rivets  used  throughout  the  top  and  bottom  of  the  girders  are 
1  in.  diameter,  and  their  pitch  is  about  4  in. 

The  aggregate  thickness  of  the  plates  in  the  horizontal  table  of  the  top  in  the  centre  of  the 
girder  being  3^  in.,  and  in  the  bottom  3^1  in.,  without  the  angle-iron,  and  4|  in.  and  ±\\  in.  re- 
spectively, with  the  angle-iron,  but  excluding  the  angle-iron  covers,  it  would  not  be  easy  to  unite 
the  parts  composing  such  a  thickness  by  rivets  passing  through  holes  punched  in  the  metal.  However 
perfectly  the  holes  may  be  set  out  in  the  first  instance,  the  process  of  punching  always  stretches  the 
iron  ;  so  that,  when  the  plates  are  put  together,  the  holes  do  not  come  accurately  over  one  another. 
Neither  would  they  have  been  truly  cylindrical  throughout,  as  they  are  always,  when  punched, 
larger  on  one  side  than  the  other  :  so  that  where  so  many  thicknesses  had  to  be  united,  imperfect 
riveting  would  have  resulted,  unless  rimering  out  to  a  great  extent  had  been  resorted  to. 

The  diagonals  which  act  as  ties  are  of  Howard's  rolled  suspension  links,  each  separate  tie 
being  composed  of  two  or  three  links  riveted  together.  The  diagonals  acting  as  struts  are  each 
in  one  solid  forging.  The  struts  and  the  ties  have  swelled  ends  for  the  pins.  The  struts  are 
united  together  in  pairs,  by  zigzag  bracing  of  wrought  iron,  4|  in.  wide  by  §  in.  thick,  riveted  to 
them,  and  by  bolts  passing  through  cast-iron  distance-pipes.  The  ties,  also  in  pairs,  are  not 
united  together  ;  but  in  the  centre  of  the  girders,  where  the  diagonals  act  both  as  struts  and  ties, 
the  pairs  are  united  together  in  the  two  central  spaces  by  the  zigzag  work.  The  dimensions  of 
the  struts  vary  from  12  in.  by  3  in.  at  the  ends,  to  6  in.  by  2 \  in.  in  the  middle;  and  of  the  ties, 
from  12  in.  by  2J  in.  at  the  ends,  to  6  in.  by  2  in.  in  the  middle.  They  are  7  in.  diameter  at 
the  ends  of  the  girders,  decreasing  to  5  in.  diameter  at  the  centre,  and  are  11  ft.  apart  from  centre 
to  centre. 

At  the  ends  of  the  girders  the  sides  over  the  supports  are  boxed,  being  composed  of  f-in.  plate 
iron,  stiffened  by  angle  and  X  iron.  Where  the  girders  bear  upon  the  brick  piers  and  upon  the 
Surrey  abutment,  they  rest  upon  roller  bed-plates  ;  but  upon  the  cylinders  sheet  lead  only  is 
interposed  between  the  girders  and  the  granite  blocks.  The  force  of  expansion  and  contraction 
will  probably  cause  the  cylinders  between  the  brick  piers  to  rock  to  and  fro  to  a  certain  but 
inappreciable  extent.  The  girders  were  put  together  in  place  on  the  staging,  Figs.  1508,  1509. 
The  top  of  the  girder  was  put  together  on  the  top  upper  platform,  and  the  bottom  of  the  girder 
on  the  top  lower  platform,  the  two  platforms  being  kept  at  the  correct  distances  apart  by  diagonals, 
converting  the  whole  into  a  framework  of  timber.  The  supports  on  the  platforms,  on  which  the 
girders  were  erected,  were  accurately  adjusted  to  the  proper  camber  of  the  girders. 

The  struts,  with  the  diagonal  bracing,  were  also  put  together  at  the  works  of  Cochrane  and  Co., 
and  the  pin-holes  were  bored  out  to  the  full  size;  so  that  they,  and  also  the  ties,  were  sent  up  in 
a  complete  state.  When  the  top  and  bottom-**e&e  were  in  place,  the  struts  and  the  ties  were 
erected,  and  the  pin-holes  in  the  girders  were  accurately  bored  out,  by  means  of  a  boring  apparatus 
worked  by  a  small  steam-engine,  the  gauge  of  the  running  wheels  of  which  was  so  adjusted,  that 
it  might  work  backwards  and  forwards  on  the  two  outer  vertical  ribs  of  the  lower  part  of  the 
girder.  Great  care  was  taken  to  ensure  accuracy  in  the  direction  and  position  of  the  holes.  The 
pins,  after  being  coated  with  grease,  were  forced  into  the  holes,  the  diameter  of  the  latter  being 
such  that  the  former  could  only  be  driven  in  by  exerting  a  considerable  force,  a  perfect  fit  being 
thereby  established.  The  vertical  bars  dividing  the  sides  into  the  several  spaces  are  6  in  wide 
by  1  in.  thick.  They  have  not  been  taken  into  account  in  calculating  the  strains.  They  fit  on  to 
the  ends  of  the  steel  pins,  and  are  in  pairs,  one  on  either  side,  and  outside  the  outer  vertical  ribs 
of  the  top  and  bottom,  and  are  connected  together  by  bolts  and  distance-pipes.  The  only  use  they 
serve  is  to  stiffen  the  girder. 

The  ends  of  the  pins  are  covered  with  circular  castings,  screwed  on  ;  and  over  the  ends,  resting 
on  the  cylinders,  ornamental  castings  are  fixed 

The  weight  of  each  main  girder  spanning  the  154-ft  openings  is  190  tons. 

One  of  the  main  girders  was  tested,  when  in  place,  with  a  distributed  load  of  400  tons,  and 
the  deflections  were  accurately  taken.  The  load  being  very  great,  and  the  girder  being  uncon- 
nected transversely  (the  cross-girders  not  having  been  fixed),  great  care  had  to  be  observed  in 
putting  on  the  weight,  which  consisted  of  the  rails  of  the  railway.  The  manner  in  which  it  was 
loaded  will  be  understood  from  Figs.  1531   1532.     The  greatest  deflection  in  the  centre,  when  the 


load  was  on,  was  1T5ÏÏ  in.,  and  the  permanent  deflection,  after  the  load  was  removed,  was  \  in., 
Fig.  1533.  If  the  girders  had  been  rigidly  connected  transversely  by  the  cross-girders,  the  deflec- 
tion would  doubtless  have  been  less.     This  has  since  been  proved  to  be  the  case.     The  whole  of 
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the  bridge,  in  its  completed  state,  has  been  tested  by  a  maximum  load,  and  the  °reatest  deflection 
of  the  main  girders  has  not  been  more  than  f  of  an  in.  in  the  centre. 

The  plate  iron  used  throughout  the  bridge  was  also  tested.     These  are  interesting,  as  both  the 
extension  and  the  permanent  set  were  carefully  taken  by  an  accurate  extensometer. 


It  has  been  before  stated  that  the  girders  are  all  detached,  and  not  continuous  over  two  or 
more  openings.  Hawkshaw's  original  intention  was  to  connect  the  girders  spanning  the  two  end 
openings  on  the  Surrey  side,  and  also  to  connect  the  girders  spanning  the  four  central  openings. 
As  regards  the  girders  spanning  the  two  openings  on  the  Surrey  side,  it  was  found  that  it  was  not 
easy  to  gain  the  full  advantage  from  continuity,  inasmuch  as  the  girders  having  to  support  a 
considerable  load,  the  thickness  of  the  plates  in  the  top  and  bottom  was  too  great  to  render  it 
practicable  to  reduce  them  to  a  minimum  at  the  point  of  contrary  flexure.  Moreover,  the  strain 
on  the  diagonals  would  have  been  greater  at  the  central  support  than  at  the  end  supports,  and  the 
uniformity  in  size  of  the  struts  and  ties  could  not  have  been  maintained,  had  their  correct  dimen- 
sions consequent  upon  continuity  been  adopted.  It  was  also  desirable  not  to  increase  the  strain 
on  the  diagonals,  as  the  end  struts  are  already  large  forgings.  The  same  remarks  apply,  more  or 
less,  to  the  girders  spanning  the  four  central  openings,  although  in  this  case  greater  advantage 
would  have  been  gained  by  continuity.  More  difficulty,  however,  would  have  been  experienced 
in  their  erection,  inasmuch  as  the  Conservators  of  the  Kiver  Thames  only  allowed  the  staging  to 
be  erected  in  the  river  for  two  of  the  central  openings  at  one  time.  It  is  clear,  also,  that  much 
more  trouble  would  have  been  incurred  in  constructing  continuous  girders  over  several  openings, 
than  in  putting  together  a  series  of  detached  girders.  In  the  former  case  there  would  be  a 
multitude  of  dissimilar  parts,  whilst  in  the  latter  all   the  girders  would  be  duplicates  of  one 
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another.  Better  workmanship  is  thus  ensured,  and  at 
a  less  cost  a  ton.  In  order  to  ascertain  whether  any  A 
saving  of  metal  would  be  effected  by  the  girders  being  ' 
constructed  on  the  continuous  or  non-continuous  system, 
drawings  of  both  were  prepared,  and  the  weights  were 
accurately  calculated.  The  difference  was  inconsider- 
able in  the  case  of  the  side  openings,  and  was  not  of 
sufficient  importance  over  the  central  openings  to 
counterbalance  the  advantages  to  be  derived  from  non- 
continuity. 

Cross-girders  for  the  Openings  154  ft.  Span. — The 
cross-girders  for  the  openings,  154  ft.  span,  are  shown  in 
Figs.  1534  to  1537.  They  are  of  wrought  iron,  and  are 
suspended  from  the  main  girders.  The  top  and  the 
bottom  of  that  portion  of  the  cross-girders  between  the 
main  girders  consist  of  two  plates,  18  in.  wide  by  f  in. 
thick.  The  sides  are  of  lattice-bars,  united  to  the  top 
and  bottom  by  two  angle-irons,  5  in.  by  3  in.  bv  y*  in-  tnick-  These  cross-girders  are  4  ft. 
the  middle  and  2  ft.  \\  in.  deep  where  the  cantilevers  are  united  to  them  outside  the  main 
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the  bottom  being  fisn-bellied,  and  the  top  having  a  camber  of  3|  in.  in  the  centre.  The  lattice-bars 
are  fixed  at  an  angle  of  about  45°  with  the  top  and  bottom.  The  ties  are  in  two  bars  throughout,  and 
each  bar  varies  from  6  in.  by  |  in.  at  the  ends  to  4  in.  by  £  in.  in  the  middle.  The  struts  are  in  one 
bar  passing  between  the  two  ties,  and  vary  from  6  in.  by  1  in.  at  the  ends  to  4  in.  by  1  in.  in  the 
middle.  The  rivets  in  the  cross-girders  are  ¿f  in.  diameter.  The  cantilevers  decrease  from 
2  ft.  l-§-  in.  deep  at  their  junction  with  the  cross-girders  to  1  ft.  2  in.  deep  at  the  extremities.  The 
top  and  bottom  of  the  cantilevers  are  composed  of  two  angle-irons,  3J  in.  by  3  in.  by  ¿  in.  thick, 
and  the  sides  are  of  lattice-bars  also  placed  at  an  angle  of  about  45°  with  the  top  and  bottom  ;  the 
ties  likewise  consist  of  two  bars  and  the  struts  of  one  bar  passing  between  them,  each  of  the  former 
being  2  in.  by  f-  in.  and  the  latter  2  in.  by  f  in. 

It  will  be  seen,  therefore,  that  the  cross-girders  are  generally  similar  in  character  to  the  main 
girders.  They  are  suspended  from  the  under-side  of  the  main  girders  at  the  points  where  the 
pins  occur.  They  are  therefore  placed  11  ft.  apart,  from  centre  to  centre.  The  sides  of  the  cross- 
girders,  where  they  are  underneath  the  main  girders,  are  boxed  in  with  plate  iron.  They  are 
suspended  by  four  angle-irons — two  on  either  side — and  outside  the  outer  vertical  ribs  of  the 
bottom  of  each  main  girder,  to  which,  and  to  the  boxed  sides  of  the  cross-girder  these  angle-irons 
are  riveted.  By  this  means  a  strong  and  good  attachment  is  established.  The  cross-girders  are 
connected  together  by  wrought-iron  cross-bracing  attached  to  the  centre  of  each,  Fig.  1503.  Each 
cross-girder,  including  the  two  cantilevers,  weighs  9  tons.  They  were  tested  by  erecting  two 
cross-girders  in  the  contractor's  yard,  placed  transversely  6  ft.  apart  in  the  clear,  the  cantilevers 
being  removed.  They  were  then  loaded  with  140  tons  (equivalent  to  70  tons  on  each  girder) 
distributed  over  the  span.  The  maximum  deflection  in  the  centre,  when  the  load  was  on,  was 
1  in.  ;  and  the  permanent  deflection,  when  the  load  was  removed,  was  J  in.  This  result  would 
doubtless  have  been  better  had  the  cross-girders  been  in  place  and  rigidly  fixed  at  the  ends  to  the 
main  girders.  The  whole  of  the  cross-girders  have  since  been  tested  in  place  with  a  maximum 
load,  and  the  deflection  has  in  no  case  been  more  than  f  in.  in  the  centre. 

Fan  End. — The  superstructure  of  the  three  openings,  100  ft.  span  each,  of  the  fan  end  is  sup- 
ported by  the  Middlesex  brick  pier  and  by  the  Middlesex  abutment  of  the  bridge,  and  intermediate 
to  these  by  piers  of  cast-iron  cylinders,  that  next  to  the  brick  pier  consisting  of  a  row  of  seven 
cylinders,  and  that  next  to  the  abutment  of  a  row  of  nine  cylinders.  In  these  two  rows,  Figs. 
1503,  1538,  the  outer  cylinders  are  10  ft.  diameter  below  and  8  ft.  diameter  above  the  ground,  and 
the  inner  ones  are  also  10  ft.  diameter  below  but  only  6  ft.  diameter  above  the  ground,  the  junction 
between  the  two  lengths  of  different  diameters  being  effected  by  a  conical  length.  The  circum- 
ference of  the  lower  lengths  of  the  cylinders,  10  ft.  diameter,  is  divided  into  segments,  which  are 
generally  similar,  and  are  connected  together  in  the  same  way,  as  the  upper  lengths  of  the 
cylinders  already  described,  of  the  same  diameter,  in  the  piers  of  the  openings  154  ft.  span.  The 
upper  lengths  of  the  outer  cylinders  8  ft.  diameter,  and  of  the  inner  cylinders  6  ft.  diameter,  are 
not  divided  into  segments,  but  are  cast  in  pieces  complete  on  the  circumference,  and  5  ft.  long. 
These  pieces  are  fastened  together,  by  bolts  1\  in.  diameter  passing  through  flanges  cast  on  the 
top  and  bottom.  All  the  joints  throughout  these  cylinders  are  made  water-tight  by  iron  cement. 
The  cylinders  in  these  two  piers  have  been  sunk  in  place,  precisely  in  the  same  manner  as  the 
cylinders  of  the  openings  of  154  ft.  span,  and  to  depths  averaging  about  40  ft.  below  Trinity  high- 
water  mark.  When  in  place  and  when  all  the  material  had  been  excavated  from  the  inside,,  they 
were  filled  with  Portland  cement  concrete  to  the  level  of  about  5  ft.  above  Trinity  high-water 
mark.     It  was  not  considered  necessary  to  fill  in  the  remaining  portion  of  these  cylinders. 

As  some  irregularities,  or  deviations  from  the  perpendicular,  occurred  in  sinking  some  of  the 
cylinders  in  the  row  next  the 
Middlesex  brick  pier,  a  horizontal 
casting,  extending  over  all  the 
cylinders  of  this  row,  was  bolted 
to  them  at  about  the  level  of  th 
ground,  Fig.  1538  ;  on  this  casting 
the  upper  parts  of  the  cylinders 
of  this  pier  are  fixed. 

On  account  of  the  great  width 
of  fan,  which  increases  from  49  ft. 
4  in.  from  centre  to  centre  of  the 
outside  girders  at  its  commence- 
ment at  the  Middlesex  brick  pier 
(this  being  the  width  between  the 
parallel  main  girders  spanning 
the  154-ft.  openings)  to  168  ft. 
from  centre  to  centre  of  the  out- 
side girders  at  the  abutment,  the 
system  pursued  in  the  other  open- 
ings, of  supporting  the  roadway 
on  cross-girders  suspended  from 
outside  main  girders,  was  clearly 
inadmissible.  It  was  also  unde- 
sirable to  introduce  intermediate  main  girders,  projecting  above  the  roadway.  The  roadway 
over  the  fan  is,  therefore,  carried  by  interior  plate-girders,  laid  at  right  angles  to  the  piers 
and  the  abutment,  and  by  the  outside  main  girders,  which  are  at  the  angle  of  inclination 
of  the  fan.  These  latter,  Figs.  1539  to  1542,  are  of  the  same  depth,  and  although  lighter  in 
all  the  parts,  are  generally  of  the  same  character,  and  are  fixed  at  the  same  level,  as  the  girders 
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of  the  openings  154  ft.  span.    The  faces  of  the  bridge  have,  therefore,  a  uniform  appearance 
throughout. 

The  interior  plate-girders,  where  they  bear  on  the  cylinders,  rest  on  a  bed-plate,  Figs.  1503 
to  1543,  extending  over  all  the  cylinders  of  each  row.  They  are  connected  together  by  cross- 
bracing  in  the  centre  of  each  span,  and  at  points  intermediate  between  the  centre  and  the  supports  : 
and  where  they  rest  on  the  Middlesex  pier  and  abutment  are  built  into  the  brickwork.  The 
bottom  of  these  girders  is  at  a  lower  level  than  the  bottom  of  the  outside  main  girders,  inasmuch 
as  it  was  impossible  to  obtain  sufficient  depth  without  resorting  to  this  arrangement.  As  it  is,  the 
depth  of  these  girders  is  only  5  ft.,  or  -^  of  the  span.  If  the  spans  in  the  fan  had  been  154  ft., 
the  interior  plate-girders  instead  of  being  -^  would  have  been  less  than  -^  of  the  span.  Hence  the 
advantage  of  introducing  the  smaller  spans  of  100  ft.  The  elevations  and  sections  of  the  interior 
plate-girders  are  shown  in  Figs.  1543,  1544.  They  are  oi  the  ordinary  construction,  and  weigh 
about  26  tons  each. 
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The  outside  main  girders  do  not  make  exactly  the  same  angle  with  the  centre  line  produced 
of  the  parallel  portion  of  the  bridge.  The  shape  of  the  fan  is  therefore  not  accurately  that  of  an 
isosceles  triangle— the  distance  between  the  centre  line  of  the  fan  and  the  centre  line  produced  of 
the  parallel  portion  of  the  bridge,  being  7  ft.  9  in.  at  the  Middlesex  abutment,  Fig.  1503.  These 
outside  main  girders,  which  are  over  the  centre  of  the  outside  cylinders  of  the  piers,  are  raised 
above  the  interior  plate-girders  by  cylindrical  making-up  pieces  of  the  same  diameter  (8  ft.)  as  the 
upper  lengths  of  the  outside  cylinders,  Fig.  1538.  These  cylindrical  pieces  are  filled  with  brick- 
work in  cement,  resting  on  the  bed-plate,  the  top  being  covered  with  a  bed  of  an  inch  in  thickness 
of  Portland  cement,  raised  \  an  in.  above  the  top  of  the  cylinder,  and  forming  the  bearing  surface 
of  the  girders. 

The  triangular  spaces  between  the  outside  main  girders  and  the  outer  interior  plate-girders  are 
filled  in  with  cross-girders,  riveted  to  the  sides  of  the  latter  and  suspended  underneath  the  former, 
and  are  terminated  by  cantilevers  projecting  beyond  the  face-girders,  Figs.  1503,  1538.  These 
cantilevers  are  similar  to  those  outside  the  main  girders  of  the  154-ft.  openings,  and  like  them  are 
placed  about  11  ft.  apart  from  centre  to  centre,  thus  preserving  the  uniformity. 

The  girders  of  the  fan  rest  directly  on  their  supports,  no  rollers  being  interposed,  excepting 
underneath  the  outside  main  girders,  where  they  rest  on  the  Middlesex  brick  pier  and  abutment  ;  but 
the  bearings  for  the  interior  plate-girders  on  the  cast-iron  bed-plate  over  the  cylinders  are  planed. 
The  ends  of  the  cylinders  on  which  the  bed-plate  rests  are  also  planed. 

Roadway  and  Footpath  Platforms. — The  roadway  platform  over  the  openings  154  ft.  span,  con- 
sists of  planking  4  in.  thick,  spiked  to  longitudinal  timbers,  15  in.  by  15  in.,  placed  underneath 
the  rails,  and  bolted  to  the  cross-girders.  The  roadway  platform  over  the  fan  end  consists  of 
planking  6  in.  thick,  secured  to  the  interior  plate-girders  and  to  longitudinal  timbers  spanning 
the  cross-girders  in  the  triangular  spaces.  By  abandoning  the  longitudinal  timbers  in  the  fan 
over  the  shallow  interior  plate-girders,  which  the  arrangement  permitted,  additional  depth  was 
obtained  for  these.  The  footpath  platform  on  each  side  consists  throughout  of  planking  6  in.  thick, 
secured  to  the  top  of  the  cantilevers.  The  roadway  platform  is  covered  with  tar  pavement  about 
2  in.  thick,  and  the  footpath  platforms  with  asphalte  1  in.  thick.    The  longitudinals  and  the  whole 
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of  the  planking  are  creosoted,  and  the  latter  is  grooved  and  tongued  with  iron,  and  caulked  with 
tar  and  oakum.  The  rails  over  the  bridge  are  flat-bottomed,  and  of  the  ordinary  section.  On 
the  outside  of  the  footpath  an  ornamental  railing,  of  cast-iron,  is  fixed,  Figs.  1545  to  1548.     A 


1545. 


1547. 


1548, 


railing  of  a  pattern  generally  similar  is  fixed  to  the  main  girders  on  the  inside  of  the  footpaths, 
to  prevent  the  railway  being  trespassed  upon. 

On  the  Charing  Cross  railroad  there  are  several  small  iron  bridges,  many  similar  to  Broadwall 
Bridge,  Figs.  1549  to  1553.  This  bridge  consists  of  six  inner  working  girders  and  two  face-girders 
with  a  light  parapet 
riveted  to  the  upper  I 
flange.  It  has  a  span  of 
41  ft.,  and  the  depth  of 
the  girders  is  2  ft.  6  in.  ; 
top  flange,  16  in.  wide 


by 


thick,  riveted  to 


web  by  two  angle-irons, 
4 in.  x  4 in.  x  fin., and 
pierced  with  holes  for 
■f  rivets  every  3  in.  on 
each  side  ;  bottom  flange, 
15  in.  wide  by  f  in.  thick, 
riveted  to  web  by  two 
angle-irons  4  in.  x  4  in.  x 
-|  in.  ;  web,  J  in.  thick  in 
seven  sections,  connect- 
ed at  vertical  joints  by 
two  T-irons,  5  x  2J  x  -f . 

At  each  end  of  girder  there  is 
a  bearing-plate.  For  face-girder, 
top  flange,  9  in.  wide  by  J  in. 
thick,  not  centred  with  web,  to 
which  it  is  connected  by  two  angle- 
irons  3  x  3  x  J. 

The  girders  in  this  bridge  are 
braced  by  a  system  of  diagonal 
bars,  3  in.  x  f  in.,  connected  to 
girders  by  means  of  short  pieces 
of  "|" -iron,  riveted  to  top  and 
bottom  of  webs  about  6  ft.  8  in. 
apart. 

In  addition  to  the  ordinary 
angle-iron  cover,  a  strip  is  riveted 
to  the  opposite  side  of  the  girder. 

The  weight  of  the  six  working 
girders  is  26}  tons  ;  of  the  two 
face-girders,  4  J  tons  ;  and  of  the 
whole  bridge,  43  tons. 

Wellington  Street  Bridge. — This, 
on  the  same  line,  is  the  largest 
single-web  girder  bridge  on  the  line,  the  length  of  the  girders  being  134  ft.,  and  the  span  on  skew 
118  ft.     The  girders  are  12  ft.  deep  at  centre,  and  9  ft.  8  in.  at  the  ends. 

The  flanges  are  2  ft.  G  in.  wide,  riveted  with  six  rows  of  1-in.  rivets.  The  top  flange  is  built  up  of 
five  |  plates  at  centre,  reduced  to  three  at  ends.  In  addition  to  the  two  angle-irons  which  connect 
this  flange  to  web,  there  are  two  others  of  the  same  size,  5  x  5  x  i|,  riveted  to  each  edge,  Figs. 
1554,  1555.     The  bottom  flange  is  built  up  of  one  \±  and  four  |-  plates,  reduced  at  ends  to  one 


BEIDGE. 


757 


-Li  and  two  -f-  plates.     On  each  side  of  the  upper  side  of  this  flange  a  bar 
This  is  shown  in  Figs.  1554  to  1558.    Fig.  1558  shows  the  way  the  plates  " 

The  web-plates,  with  the  exception  of  the  end  ones,  1555 

are  2  ft.  2  in.  wide,  the  end  ones  being  2  ft.  wide,  as  B 
shown  in  Fig.  1558,  f-  thick  for  a  length  of  nine  plates  =^¡¡ 
at  either  end,  and  T5ff  for  the  remaining  distance. 

Eeferring  to  Figs.  1556  to  1558,  it  will  be  seen  that  a 
\  plate  is  riveted  to  the  ends  of  the  girders  by  means  of 
angle-iron  gussets,  3  in.  x  3  in.  x  |  in.  ;  also,  that  at  the 
two  end  web-joints  i  </wsseí-plates  are  riveted,  with  simi- 
lar angle-iron.  After  the  bridge  was  erected,  it  was 
found  necessary  to  stiffen  the  ends  of  the  girders  by 


joint 


MM 
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attaching  reverse  angle-iron,  3  x  3  x  |,  to  the  end  and  gusset  plates.  The  intermediate  vertical 
joints  of  web  are  connected  by  two  "]"-iron  gussets,  6  x  3  X  |,  and  two  strips,  6  x  f  alternately. 
These  strips,  as  shown  in  Fig.  1551,  are  cranked  to  set  over  the  longitudinal  angle-iron. 

One  end  of  each  girder  was  provided  with  a  bearing-plate,  5  ft.  x  4  ft.  x  %  ;  the  other  end  had 
attached  to  it  a  cast-iron  plate,  2  in.  thick,  to  bear  on  eight  rollers,  4|  in.  diameter.  The  roller- 
beds  are  also  of  cast  iron,  2  in.  thick,  and  further  strengthened  by  having  three  ribs,  3  in.  deep,  cast 
on  ;  the  roller-frames  are  of  wrought  iron,  3  in.  x 

A  longitudinal  section  of  this  roller  arrangement  is  shown  in  Fig.  1558,  and  a  transverse  section 
in  Fig.  1557. 

In  Fig.  1558  the  lengths  of  top  and  bottom  angle  covers  are  shown  by  the  number  of  rivets  in 
each.  The  first  have  seven  and  eight  holes  in  each  arm  respectively,  and  the  second  nine  and 
ten  ;  so  that,  since  the  rivets  are  4-in.  pitch,  the  lengths  are  2  ft.  8  in.  and  3  ft.  4  in. 

The  ordinary  lengths  of 

Angle-bars       13  ft.  I    Joints  to  flat  bars     3  ft.  4  in. 

Flat  bars,  9  x -Lg 17  ft.  4  in.  |    Laminated  plates     6  ft.  8  in. 

The  dimensions  A  A,  Fig.  1558,  are  16  in.  each,  so  that  they  contain  four  rivets  in  the  direction  of 
length  of  girder  each.  Considering  one  plate  only,  since  there  are  six  rows  of  rivets,  we  have  an 
aggregate  of  twenty-four  1-in.  rivets,  or  a  sectional  area  of  18*84  sq.  in.  against  14  "76  sq.  in.,  the 
sectional  area  of  a  bottom  plate  through  a  line  of  rivet-holes  ;  or  an  excess  in  area  of  rivets  of  4  -08 
sq.  in. 

The  cross-girders  are  41  ft.  6  in.  long,  which  makes  the  distance,  centre  to  centre,  of  main  girders 
39  ft.  The  distance,  centre  to  centre,  of  the  cross-girders  themselves,  is  4  ft.  They  have  a  central  and 
end  depth  of  2  ft.  and  1ft.  4  in.;  the  flanges  are  15  in.  x  §,  connected  to  a  j  web  by  4  x  4  x  j; 
angle-iron.  The  top  flange  has  also  riveted  to  it  an  extra  plate,  19  x  \,  for  attacking  roadway 
plate.  Fig.  1555  is  a  section  of  one  of  the  girders,  showing  a  road-plate  attached  at  B.  The 
length  of  the  girder  is  divided  into  eight  panels  by  vertical  f -irons  at  joints,  5  x  2¿  X  \. 

At  each  end  of  the  bridge  there  are  also  shorter  cross-girders;  but  they  are  the  same  as  a 
41  ft.  6  in.  girder,  with  a  piece  cut  off  one  end.  The  ends  of  the  cross-girders  are  riveted  to  the 
mains  with  twenty-four  rivets,  1  in.  diameter. 

To  the  ends  of  the  cross-girder,  a  cast-iron  cornice,  C,  Fig.  1554,  is  bolted. 

The  rivets  through  longitudinal  angle-iron  and  webs  are  1  in.  diameter,  and  through  vertu  al 
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T-irons,  strips,  and  webs,  only  f  in.  diameter.     The  weight  of  each  main  girder  is  65  tons  :  of  all 
the  cross-girders,  80  tons  ;  and  of  the  whole  bridge,  248  tons.  ,     ,  '    . 

Bridge  over  the  Blackfriars  Road,  Figs.  1559  to  1561.— One  of  the  abutments  of  this  bridge  is  at 
right  angles  to  line,  and  the  other  only  slightly  out  of  square. 


1560. 


1561. 


1559. 


The  main  box-girders,  which  are  110  ft.  long,  have  a  central  and  end  depth  of  10  ft.  6  in.  and 
8  ft.  10  in.  :  both  flanges  are  2  ft.  6  in.  wide  ;  the  top  is  built  up  of  five  -&  plates  at  centre,  reduced 
to  four  at  ends  ;  the  bottom  is  built  up  of  one  f  and  four  T9¥  plates  at  centre,  reduced  to  one  f  and 
three  -^  at  ends.  Each  flange  is  connected  to  the  webs  by  four  angle-irons  6x6x^:  eight  in 
the  whole  section. 

The  two  end  web-plates  at  either  end  of  each  line  are  2  ft.  wide,  and  the  intermediate  ones 
are  3  ft. 

The  girders  are  braced  internally  at  seven  points  by  a  system  of  lattice-bars,  shown  in  Fig.  1559  ; 
the  bars  are  2  X  f ,  and  are  riveted  to  J  -irons,  which,  in  this  case,  are  substituted  for  the  internal 
strips. 

The  cross-girders,  twenty-four  in  number,  have  flanges  15  in.  wide  x  |  thick,  riveted  to  a 
\  web  by  4  X  4  X  J  angle-iron  :  they  are  2  ft.  deep,  and  each  end  is  riveted  to  the  main  girder 
with  twenty  1-in.  rivets  ;  the  web  is  divided  by  vertical  f  -irons  into  eight  panels. 

The  weight  of  both  main  girders  is  106|  tons  ;  of  all  the  cross-girders,  71  tons  12  cwt.  ;  and  of 
the  whole  bridge,  214  tons  17  cwt. 

The  roadway  is  on  the  second  system,  Fig.  1559. 

The  constructive  arrangement  of  the  bridge,  exhibited  in  Figs.  1562  to  1569,  introduced  by 
Albert  Fink,  is  a  modification  of  the  principles  employed  by  Bollman.  In  this  bridge  a  pair  oí 
diagonal  tension-bars  connect  the  foot  of  the  principal  strut,  or  king  post,  in  each  truss,  with  the 
ends  of  the  top  chord.  This  pair  of  diagonal  bars  support  one  half  of  the  whole  weight  of  the  truss 
and  its  load.  Each  half-span  is  subdivided  by  a  strut,  and  two  diagonal  tension-bars  extend,  one 
to  the  nearest  end  of  the  top  chord,  and  the  other  to  the  top  of  the  centre  post.  Each  quarter- 
span  is  again  subdivided  into  eighths,  and  these  again,  for  spans  greater  than  100  ft.,  into  six- 
teenths. In  a  truss  of  this  kind,  of  sixteen  panels,  the  weight  at  the  bottom  of  the  strut  nearest 
to  either  of  the  piers  is  distributed  thus  : — Calling  the  weight  one,  one  half  is  transferred  directly 
through  a  tension-rod  to  the  nearest  end  of  the  top  chord,  and  to  the  pier.  The  other  half  is 
carried  up  to  the  top  of  the  second  strut  from  the  pier,  and  is  received  at  the  bottom  of  that  strut 
by  a  pair  of  tension-rods,  which  divide  this  half  between  them,  one  fourth  being  taken  directly  to 
the  nearest  pier,  while  the  other  fourth  is  transferred  to  the  top  of  the  strut  at  the  quarter-span. 
This  fourth  is  again  divided  at  the  foot  of  this  strut,  one  eighth  being  transmitted  through  a 
tension-rod  to  the  nearest  pier,  while  the  other  eighth  passes  to  the  top  of  the  middle  strut  of  the 
span,  and  is  received  at  the  foot  of  this  strut  by  the  main  tension-rods,  each  of  which  transmits 
one-sixteenth  of  the  original  load  to  each  pier.  Thus  the  weight  at  the  foot  of  the  first  strut  from 
the  end  of  the  truss  is  distributed  thus  : — One-half,  one-fourth,  one-eighth,  and  one-sixteenth,  or, 
in  all,  fifteen-sixteenths  of  that  weight  reach  the  top  of  the  nearest  pier,  through  four  converging 
sets  of  tension-rods,  while  the  remaining  sixteenth  reaches  the  opposite  pier,  after  being  brought 
to  the  foot  of  the  centre  strut,  through  the  intervention  of  three  separate  systems  of  tension-bars. 
With  the  exception  of  the  load  at  the  foot  of  the  centre  strut,  which  load  is  transmitted  directly  to 
the  piers,  the  loads  at  the  bottoms  of  the  vertical  struts  are  more  or  less  subdivided  before  reaching 
the  ends  of  the  truss.  In  1852,  A.  Fink  erected  a  bridge  of  three  spans,  of  205  ft.  each,  across 
the  Monongahela  River,  Figs.  1562  to  1569.  The  trusses  for  a  single  line  are  16  ft.  apart  from 
centre  to  centre,  and  the  main  tension-chords  are  attached  to  the  foot  of  the  centre  strut,  22  ft.  8  in. 
below  the  centre  of  the  top  chord,  thus  giving  a  depth  of  truss  equal  to  0- 11  of  the  span.  The 
top  chords  and  the  centre  struts  are  of  cast-iron  pipes,  octagonal  in  their  external  form,  12  in. 
diameter  between  their  parallel  surfaces,  and  10  in.  in  internal  diameter,  thus  giving  41  sq.  in.  of 
section.     The  main  tensjon-rods  in  each  truss  are  each  formed  of  six  bars,  4£  in.  by  l\  in.,  giving 
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a  section  of  33f  sq.  in.    The  vertical  struts,  with  the  exception  ot  the  centre  strut,  are  cast-iron 
octagonal  pipes,  8  in.  in  external  and  7  in.  in  internal  diameter. 

Clifton  Suspension  Bridge.— Excerpt  Paper  by  William  Henry  Barlow,  in  '  Trans.  Inst.  O.E.,' 
1867.  In  the  Clifton  Bridge  as  executed,  Fig.  1570,  there  are  three  chains  on  each  side,  supporting 
longitudinal  stiffening  girders  of  wrought-iron,  with  open-work  cross  girders,  the  hand-railing  of  the 
bridge  being  made  also  to  form  longitudinal  stiffening  girders  with  open-work  sides. 


The  principal  dimensions  of  tho  bridge  are — Span,  702  ft.  3  in.  ;  distance  from  centre  to  centre 
of  chains,  20  ft.  ;  width  of  bridge,  including  roadway  and  footways,  31  ft.  ;  versed  sine  of  curve  of 
chains,  70  ft.  ;  height  of  roadway  above  high  water,  248  ft.  The  roadway  has  a  curve  upwards, 
or  camber,  of  2  ft.  between  the  piers. 
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The  chains  are  carried  upon  the  piers  by  wrought-iron  saddles,  placed  on  roller-frames  of  cast- 
iron,  the  rollers  being  made  of  cast-steel  The  beds  of  the  roller-frames  are  at  an  inclination  of  1  in 
20,  rising  towards  the  risers.  At  a  distance  of  196  ft.  from  the  centres  of  the  piers,  land-saddles 
are  placed,  which  are  similar  in  construction  to  the  saddles  upon  the  piers,  except  that  they  have  no 
roller-frames,  but  are  bedded  upon  brickwork  in  cement  set  upon  the  solid  rock.  From  the  land- 
saddle  to  the  anchorage  is  a  distance  of  60  ft.,  with  an  average  inclination  of  45°.  In  this  distance 
the  three  chains  gradually  diverge,  until  they  become  5  ft.  apart,  where  they  are  inserted  through 
the  castings  which  form  the  anchorage-plates.  Each  chain  has  a  separate  anchorage-plate,  5  ft.  by 
6  ft.,  bedded  upon  a  mass  of  brickwork  set  in  cement,  built  in  plan  in  the  form  of  an  arch,  abutting 
upon  the  solid  rock. 

The  length  of  the  links  in  the  centre  of  the  bridge,  where  they  are  horizontal,  is  24  ft.,  increasing 
in  length  as  their  angles  of  inclination  increase.  The  three  chains  are  in  such  a  relative  position  to 
each  other  as  to  produce  an  equal  horizontal  distance  of  nearly  8  ft.  from  the  centre  of  the  suspen- 
sion-rods throughout  the  bridge. 

The  links  in  the  Hungerford  Bridge,  Fig.  1572,  we*e  utilised  in  the  erection  of  the  Clifton  Bridge, 
and  were  arranged  so  that  the  joints  of  the  links  in  the  upper  chain  were  placed  opposite  to  the 
middle  of  the  links  of  the  under  chains  ;  the  suspension-rods  were  carried  by  a  jointed  link,  in  such 
manner  that  half  the  weight  was  borne  at  the  point  of  the  one  chain,  and  the  other  half  by  the 
middle  of  the  links  of  the  other  chain.  In  this  mode  of  hanging  the  suspension-rods,  a  transverse 
strain  of  considerable  amount  was  brought  upon  the  middles  of  the  links  of  the  chains. 

In  the  Clifton  Bridge  this  has  been  avoided.  The  suspension-rods  transmit  their  strain  to  the 
chains  only  at  the  joints.  The  result  is,  that  the  links  of  the  chain  have  no  other  strain  upon  them 
than  that  of  the  direct  tensile  strain  in  the  direction  of  their  length.  The  duty  of  maintaining  an 
equal  action  upon  all  three  chains  in  supporting  the  roadway  is  performed  by  the  strength  and  ¡stiff- 
ness of  the  longitudinal  girders.  The  suspension-rods  are  attached  to  the  "longitudinal  girders  in 
the  manner  shown  by  the  diagram,  Fig.  1570,  each  road  being  furnished  with  a  double-adjusting 
screw  at  the  lower  extremity. 

All  the  links  of  the  Hungerford  Bridge  were  tested  to  a  strain  of  10  tons  a  sq.  in.  before 
being  erected  in  that  bridge,  and  all  the  new  links  required  to  complete  the  third  chain  at  Clifton 
have  also  been  tested  with  a  strain  of  10  tons  an  in.  The  diameter  of  the  bolts  which  connect 
the  links  together  is  4|  in. 

The  roadway  is  formed  of  a  deck  of  5-in.  crcosoted  Memel  planking,  Fig.  1571,  grooved  and 
tongued  with  iron.  Upon  this  is  placed  a  second  coating  of  planking  transversely,  which  forms 
the  wearing  surface,  and  may  be  changed  or  varied  in  construction  as  the  exigencies  of  the  traffic 
may  require.     The  footways  are  formed  of  25-in.  planking,  laid  upon  longitudinal  bearers. 

The  general  arrangements  made  for  the  erection  of  the  chain  were  as  follows  : — 

A  temporary  suspended  staging  was  constructed  of  eight  iron  wire  ropes,  each  rope  being  capable 
of  bearing  35  tons,  Fig.  1572.  Six  ropes  were  placed  beneath  the  planking,  and  two  at  a  height  of 
3  ft.  6  in.  above,  the  latter  serving  to  form  a  hand-railing  on  each  side.  The  upper  rop<  s  were 
attached  to  those  below  by  hoop  iron  doubled  over,  and  riveted,  of  sufficient  strength  to  cause  the 
upper  ropes  to  act  in  conjunction  with  the  ropes  beneath  the  planking  in  sustaining  any  weight 
placed  upon  the  staging.  Above  this  staging  another  rope  was  fixed,  for  the  purpose  of  carrying 
two  light  travelling  frames  suspended  on  wheels,  which  were  moved  as  required  by  light  ropes,  and 
by  means  of  which  links  were  taken  from  the  piers  to  the  men  engaged  in  erecting  the  chain. 

The  chains  were  commenced  at  the  anchorage-plates  at  each  end  simultaneously,  the  lowest 
chain  being  put  in  first.  At  the  anchorage-plates  the  whole  of  the  links,  twelve  in  number,  were 
inserted  ;  then  eleven,  ten,  nine,  eight,  and  so  on  until  the  chain  was  diminished  to  one  link  ;  after 
which  it  was  continued  at  one  link  and  two  links  alternately  from  the  piers,  until  it  met  in  the 
middle  of  the  centre  opening. 

The  wire-rope  staging  was  designed  to  carry  the  weight  of  the  centre  portions  of  the  chain,  formed 
of  one  and  two  links  alternately,  with  the  men  and  tools  required  to  erect  it.  The  calculated 
breaking- weight  of  this  staging  was  224  tons,  evenly  distributed. 

The  weight  it  had  to  carry  was  40  tons  : — 

Tons. 

Chain  formed  of  one  and  two  links  alternately  12 

Workmen  and  tools  (say)        5 

Planking   ..      ■■      10 

Wire  ropes         8 

Bolts,  nuts,  and  sundries,  including  packing  for  links      5 

or  less  than  ith  of  the  breaking-weight. 

The  suspended  platfurm  was  kept  below  the  intended  level  of  the  chain,  and  the  links  were 
supported  upon  it  by  packing  pieces,  which  could  be  raised  or  lowered.  When  the  links  of  the 
chain  were  united  in  the  middle,  the  packing  pieces  upon  the  staging  were  lowered  until  the  chain 
took  its  own  bearing,  and  thus  relieved  the  staging  from  the  action  of  its  weight.  At  this  stage  of 
the  proceedings  the  chain  was  adjusted  for  length  by  means  of  keys  arranged  for  that  piupose  in  the 
first  links  from  the  pier-saddles. 

The  next  operation  was  that  of  adding  links  on  each  side  of  the  centre  links,  which  was  rapidly 
accomplished  by  an  ingenious  and  simple  apparatus.  The  rapidity  with  which  the  side  links  were 
added  depended  much  upon  the  state  of  the  weather;  but  there  were  some  days  on  which  more 
than  one  hundred  links  were  added  to  the  chain. 

In  connection  with  the  temporary  staging,  there  were  many  other  pieces  of  apparatus  or  con- 
trivances for  winding,  tightening,  and  fastening,  which  were  excellently  carried  out. 

The  chains  on  the  Bristol  or  eastern  side  of  the  bridge  having  been  completed,  the  staging  was 
shifted  over  to  the  other  side,  and  the  remaining  three  chaîna  were  put  up  in  like  manner. 

When  the  chains  were  complete,  and  the  suspension-links  for  carrying  the  suspension-rods  were 
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fixed,  the  next  operation  was  that  01  attaching  the  suspension-rods  and  cross-girders.  This  was 
accomplished  by  an  apparatus  made  for  the  purpose,  consisting  of  a  movable  crane,  upon  a  long 
base  frame,  weighing  rather  over  5  tons,  and  travelling  upon  a  temporary  railway.  It  was  so  con- 
trived and  balanced  that  it  could  carry  the  weight  of  a  cross-girder,  with  a  portion  of  the  longi- 
tudinal gùders  attached,  at  a  considerable  distance  in  advance  of  the  wheels  upon  which  it 
travelled.  Thus,  when  placed  upon  the  abutment,  it  held  the  first  cross-girder  in  its  intended  posi- 
tion until  the  men  attached  the  first  pair  of  suspension-rods  to  it  and  to  the  chain.  Planking  was 
then  laid  from  the  abutment  to  the  cross-girder,  and  the  railway  was  lengthened.  The  travelling- 
crane  then  took  up  the  second  cross-girder,  and  advanced  with  that  to  its  position,  and  held  it  in  like 
manner  until  it  was  attached  to  the  chain.  The  planking  and  roadway  were  again  lengthened,  and 
the  third  cross-girder  fixed,  and  so  on  from  both  ends  of  the  bridge,  until  the  roadway  met  in  the 
middle. 

The  remaining  operations  of  connecting  the  longitudinal  girders,  adjusting  the  several  parts  of 
the  work,  and  laying  the  roadway,  were  then  proceeded  with. 

The  manner  in  which  the  weights  were  of  necessity  brought  upon  the  chain,  commencing  as  they 
did  from  the  abutments  and  proceeding  towards  the  centre  of  the  opening,  caused  the  curve  of  the 
chain  to  vary  in  figure  very  much  during  the  construction  ;  but  the  ultimate  curve,  which  resulted 
when  the  roadway  was  completed,  accords  with  remarkable  accuracy  to  the  calculated  curve,  and  the 
calculated  lengths  of  the  several  suspension-rods. 

The  sectional  arta  of  the  chains  at  the  piers  is  481  sq.  in.,  and  in  the  centre  of  the  span 
440  sq.  in.  The  weight  of  the  chains  between  the  piers  is  554  tons.  The  strain  produced 
at  the  centre  of  the  chains  by  the  wreight  of  the  chains  themselves  is  nearly  680  tons.  The  weight 
of  the  suspension-rods,  longitudinal  girders,  transverse  girders,  cross-bracing,  hand-railing,  roadway, 
and  so  on,  is  about  440  tons.  This  weight  is  not  spread  over  the  whole  of  the  702  ft.  span,  but 
occurs  between  the  abutments  which  project  in  front  of  the  piers,  leaving  a  space  between  them  of 
636  ft.  The  distance  of  the  centre  of  gravity  of  the  half  span  of  the  platform  from  the  centre  of  the 
pier  is  190  ft.  nearly.  The  strain  produced  by  the  weight  of  the  platform  at  the  centre  of  the  chains 
is  597  tons  approximately.  The  maximum  moving  load,  estimated  at  70  lbs.  a  sq.  ft.,  or  600 
tons  upon  the  platform  of  the  bridge,  would  produce  a  strain  of  817  tons  at  the  centre  of  the 
chain. 

The  total  strain  at  the  centre  would  therefore  be  as  follows  : — 

Tons. 

Strain  due  to  the  chains        680 

„        to  the  weight  of  the  platform  rods,  &c 597 

„        to  the  load  of  70  lbs  a  square  ft.  upon  the  platform     817 

Total      2094 

To  carry  this  strain  there  are  440  sq.  in.  of  metal,  so  that  the  maximum  strain  upon  the  iron 
is  ^  =  476  tons  a  sq.  in. ;  of  which  the  strain  produced  by  the  bridge  itself  is  2*90  tons  a 
sq.  in. 

It  is  to  be  observed  that  the  piers,  although  the  same  height  above  the  abutments,  are  not  level 
with  each  other.  The  pier  on  the  Leigh  Wood  side  is  3  ft.  lower  than  that  on  the  Clifton  side,  and 
the  whole  bridge  has  an  average  inclination  of  1  in  233.  This  inclination  was  given  to  the  struc- 
ture by  Brunei  to  obviate  what  he  thought  would  have  been  an  ocular  deception,  had  the  bridge 
been  horizontal,  arising  from  the  difference  in  the  height  and  form  of  the  rocks  on  the  two  sides  of 
the  river.  This  peculiar  arrangement  makes  a  difference  in  the  strains  upon  the  chains  in  the  two 
halves  of  the  bridge,  and  in  the  form  of  the  curve  of  the  chain,  which  had  to  be  calculated  and  pro- 
vided for  in  the  lengths  of  the  suspension-rods.  The  calculations  for  the  form  of  the  curve,  and  the 
lengths  of  the  respective  parts,  were  made  by  Alfred  Langley  ;  and  it  is  satisfactory  to  add  that 
there  was  not  a  single  rod  or  part  of  the  bridge  which  had  to  be  altered  in  execution. 

The  suspension-rods  are  each  rather  more  than  2  in.  in  section.  The  greatest  weight  that  can 
come  upon  a  pair  of  rods,  including  their  maximum  load,  is  about  13  tons,  which  would  produce  a 
strain  of  4J  tons  a  sq.  in. 

The  brickwork  employed  in  the  anchorage  and  land-saddles  is  of  Staffordshire  blue  bricks,  laid 
in  Portland  cement,  and  the  anchorage-plates  and  the  bearing-plates  of  the  saddles  are  so  arranged 
that  the  maximum  pressure  upon  the  brickwork  cannot  in  any  case  exceed  10  tons  a  sq.  ft. 

The  bridge  is  stiffened  longitudinally  by  two  plate-girders,  3  ft.  deep,  placed  on  each  side  of  the 
roadway,  the  upper  and  lower  flanges  of  these  girders  being  11  in.  in  sectional  area.  The  hand- 
railing,  which  is  in  effect  a  lattice-girder,  4  ft.  9  in.  deep,  with  upper  and  lower  flanges  of  4g  in. 
sectional  area,  also  adds  to  the  stiffness  of  the  bridge.  Both  these  girders  act  in  giving  stiffness 
against  a  horizontal  transverse  strain,  and  are  assisted  in  that  action  by  a  system  of  diagonal  bracing 
throughout  the  bridge,  formed  of  bars  4  in.  by  £  an  in.  in  section  placed  beneath  the  roadway. 

In  order  to  provide  for  the  effects  of  expansion  and  contraction,  and  to  allow  for  the  movement 
occasioned  by  wind  and  by  the  passage  of  heavy  loads  across  the  bridge,  the  two  extremities  ofíhe 
roadway  are  furnished  with  jointed  ends  or  flaps,  8  ft.  long,  which  give  perfect  freedom  of  motion 
both  vertically  and  in  the  direction  of  the  length  of  the  bridge. 

Previous  to  opening  the  bridge  for  public  traffic,  it  was  tested  by  a  dead-weight  of  500  tons  of 
stone  distributed  over  the  surface.  The  total  deflection  produced  by  the  test-load  was  7  in.  in  the 
centre  of  the  bridge,  which  deflection  resulted  not  only  from  the  elongation  of  the  metal  due  to  the 
stress,  but  also  from  the  altered  position  of  the  saddles  upon  the  piers,  arising  from  the  diminished 
curvature  of  the  land  chains.  When  the  test-weight  was  removed,  the  centre  of  the  bridge  rose 
again  to  its  former  position  within  TTHth  of  an  in.,  but  the  middle  of  the  southern  half  of  the  bridge 
did  not  rise  again  to  its  former  height  by  1  in.,  while  the  northern  side  rose  above  its  original  posi- 
tion. This  circumstance  was  probably  duo  to  the  change  in  the  direction  and  force  of  the  wind 
before  and  after  the  testing.  . 
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